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PREFACE 

It  is  my  object  in  this  Manual  to  give  the  student  a  simple  account 
of  the  science  of  Pharmacology,  especially  in  so  far  as  it  will  enable 
him  to  understand  the  practical  apphcation  of  medicinal  agents 
in  the  treatment  of  disease. 

Unless  the  practitioner  of  medicine  has  a  knowledge  of  the 
changes  induced  in  the  organism  by  the  dnags  that  he  employs, 
he  must  of  necessity  become  a  slave  to  habit  and  empiricism.  He 
will  prescribe  in  a  routine  fashion,  and  drugs  will  be  associated 
with  diseases  :  his  prescriptions  will  thus  become  automatic, 
unreasoned,  and  without  initiative. 

Pharmacology',  Hke  any  other  science,  cannot  stand  alone  :  it 
is  directly  dependent  upon  physiology,  chemistry  and  pathology, 
and  without  a  knowledge  of  these  sciences  a  proper  grasp  of  the 
subject  is  impossible.  It  is  not  desirable,  therefore,  that  it  should 
enter  into  the  student's  curriculum  until  such  time  as  he  has  become 
famihar  with  the  principles  of  physiology  and  chemistry.  In  a 
sense  it  may  be  regarded  with  general  pathology  as  the  connecting 
link  between  the  purely  scientific  portion  of  his  training  and  cUnical 
work,  and  can  be  taken  most  advantageously  after  he  has 
completed  these  scientific  studies  and  is  commencing  work  in  the 
wards. 

Pharmacology  is  an  experimental  science  :  all  we  know  con- 
cerning the  mode  of  action  of  drugs  has  been  obtained  by  observa- 
tions on  man  and  lower  animals,  and  as  the  experimental  method 
has  developed  and  observations  have  become  more  accurate,  we 
find  that  many  of  the  older  drugs  have'  dropped  out  of  practical 
medicine  and  have  been  replaced  by  others. 

For  obvious  reasons  we  cannot,  except  in  a  very  limited  number 
of  cases,  adopt  the  experimental  method  on  man,  and  so  our  obser- 
vations have  had  to  be  made  on  lower  organisms.  And  it  is  not  too 
much  to  say  that  nearly  all  exact  knowledge  of  the  mode  of  action 

b 


vi 


PREFACE 


of  drugs  has  been  derived  from  such  experimentation.  How 
great  a  benefit  these  discoveries  have  been  to  the  human  race  it 
is  impossible  to  over-estimate  :  every  patient  who  receives  the 
physician's  prescription  is  deriving  advantages  from  such  researches. 
Pharmacological  research  has  for  its  object  the  diminution  of 
human  suffering  and  the  prolongation  of  life  :  much  it  has  accom- 
plished already,  but  much  more  still  awaits  to  be  accomphshed, 
and  great  is  the  responsibility  of  those  who,  either  through  political 
motives,  ignorance,  or  hysteria,  seek  to  impede  the  work. 

This  is  not  a  text-book  on  materia  medica.  In  former  days, 
when  the  practitioner  had  to  gather  his  own  simples  and  make 
his  own  preparations  from  the  crude  drugs,  a  knowledge  of  the 
characters  and  physical  properties  of  these  crude  drugs  was  abso- 
lutely essential.  But  the  duty  of  collecting,  making  preparat  ons, 
and  standardising  remedies  has  long  since  been  handed  over  to  the 
druggist,  and  now  it  is  of  little  more  importance  for  the  student 
to  be  able  to  recognise  a  Calabar  bean,  because  he  happens  to  use 
physostigmine,  than  for  him  to  be  acquainted  with  the  art  of 
printing  because  he  reads.  Nor  do  I  consider  it  desirable  that 
the  student  should  be  burdened  by  committing  to  memory  the 
composition  of  various  pharmacopoeial  preparations,  especially 
before  such  time  as  he  has  had  opportunities  of  seeing  them  pre- 
scribed. It  is  but  an  encouragement  for  him  to  learn,  by  the  aid  of 
memoria  technica,  facts  forgotten  as  soon  as  the  examination  for 
which  they  are  crammed  is  passed  ;  they  serve  no  educational 
purpose,  and  their  formulae  are  readily  accessible. 

The  therapeutics  included  in  this  Manual  are  only  such  as  serve 
to  illustrate  the  pharmacology ;  it  is  in  no  sense  a  book  on  thera- 
peutics, an  art  which  can  be  dealt  with  properly  only  at  the  bedside. 

It  has  been  my  aim  throughout  to  cultivate  the  reasoning  facidties 
of  the  student,  to  accept  for  granted  as  little  as  possible,  and  to 
subject  all  statements  to  experiment ;  by  this  treatment  it  is  hoped 
that  pharmacology  may  be  learnt  like  any  other  science,  and 
consist  in  something  more  than  the  mere  committal  to  memory  of 
many  disjointed  and  often  unassociated  facts,  as  it  has  too  often 
in  the  past. 

To  aid  this  object  it  is  especially  desirable  that  the  lectures  be 
supplemented  either  by  a  series  of  suitable  demonstrations  or  by 
practical  work.  The  majority  of  the  tracings  shown  in  these 
pages  were  recorded  in  my  class -demonstrations. 
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The  classification  which  I  have  adopted  still  leaves  much  to  be 
desired.  As  far  as  possible,  the  drugs  are  arranged  in  pharma- 
cological groups,  but  in  some  instances  two  drugs  which  differ 
entirely  in  their  action  have  been  included  in  one  chapter :  thus, 
in  the  chapter  deahng  with  the  action  of  drugs  on  blood-vessels 
barium  and  the  nitrites  are  described  :  these,  though  in  no  way 
related,  yet  by  contrast  afford  a  valuable  means  of  faciUtating 
teaching. 

Where  possible  the  doubtful  statements  have  been  verified  by 
experiments  performed  in  this  laboratory  ;  several  of  the  facts  are 
new,  and  some  of  the  methods  of  dealing  with  the  subject  are  original. 
When  there  is  any  doubt  as  to  the  mode  of  action  of  a  drug,  I  have 
generally  given  the  views  of  the  conflicting  authorities  and  their 
reasons. 

In  conclusion,  I  desire  to  express  my  indebtedness  for  the  assist- 
ance I  have  derived  from  the  standard  works  dealing  with  phar- 
macology and  materia  medica,  especially  from  those  of  Schmiedeberg, 
Husemann,  Cushny,  Whitla,  Wood,  Humphrey  and  White,  Stockvis, 
Brunton,  and  the  text-book  edited  by  Hale  White. 

My  best  thanks  are  due  to  Professor  Langley  for  permission  to 
reproduce  certain  figures  from  the  Journal  of  Physiology;  to 
Professor  Bradbury  for  suggestions  and  criticisms,  and  for  reading 
parts  of  the  manuscript ;  and  to  Dr.  Walter  Maiden  for  his  valuable 
aid  in  the  revision  of  the  proofs. 

W.E.D. 

Pharmacological  Laboratory, 
Cambridge. 
December  1905. 
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CHAPTER  I 

INTRODUCTION 

Pharmacology,  in  its  broadest  sense,  is  the  science  which  deals 
with  the  alteration  of  living  material  brought  about  by  changes 
in  its  environment  :  these  changes  are  usually  produced  by  drugs. 
But  the  word  is  also  employed  in  a  more  restricted  sense,  as  in 
this  book,  to  denote  the  science  which  deals  with  the  action  of 
drugs  upon  man  and  without  special  indications  to  their  applica- 
tion in  disease— the  latter  art,  the  application  of  remedies  to 
disease,  is  termed  therapeutics.  The  art  of  applying  drugs  to  the 
sick  can  only  be  properly  studied  at  the  bedside  after  the  student 
has  learned  some  pharmacology. 

The  science  of  pharmacology  is  based  upon  the  three  sciences, 
physiology,  chemistry,  and  pathology  :  it  is  impossible  to  decide 
how  a  drug  produces  its  action  until  we  are  acquainted  with  any, 
or  all,  of  these  factors  which  may  be  concerned. 

Materia  medica  implies  a  knowledge  of  the  origin,  source,  dis- 
tribution, composition,  and  preparation  of  the  remedies  employed 
in  medicine.  It  is  very  important  to  the  druggist,  but  not  in  these 
days  to  the  practitioner  of  medicine,  since  the  latter  no  longer 
has  to  seek  out  his  own  herbs  from  the  woods  and  fields.  The 
preparations  of  the  crude  drugs  which  he  employs  are  prepared  by 
the  skilled  druggist  after  fixed  formulee  published  in  an  official 
book,  the  "  Pharmacopoeia."  A  practitioner  having  chosen  the 
remedies  and  the  doses  he  proposes  to  give  in  a  certain  case,  commits 
them  to  paper  as  a  prescription,  which  is  compounded  and  dispensed 
by  the  pharmacist,  and  the  art  of  preparing  such  medicines  is 
termed  pharmacy.  It  is  true  there  are  certain  disadvantages  in 
having  prescriptions  dispensed  by  unknown  pharmacists,  and 
perhaps  the  most  important  of  these  is  the  risk  of  stale  or  other- 
wise inactive  drugs  being  employed. 

A  drug  is  a  body  which  modifies  the  functions  of  living  matter 
without  yielding  up  energy  to  it ;  whilst  a  food  provides  the  body 
with  useful  energy.  It  sometimes  happens  that  a  substance  may 
partake  both  of  the  characters  of  a  food  and  a  drug,  having  both 
a  toxic  action  on  some  tissue  of  the  body,  and  also  giving  up 
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energy  through  its  oxidation,  sufficiently  important  for  it  to  be 
actually  useful.  Alcohol  is  such  a  substance.  Drugs  and  poisons, 
therefore,  gradually  merge  into  foods,  and  there  is  no  sharp  line  of 
distinction  between  the  two  groups. 

From  time  immemorial  man  has  been  concerned  with  the  cure 
of  disease,  and  from  time  to  time  many  systems  of  cure  have  been 
suggested.  One  of  the  most  ancient,  the  "  doctrine  of  signatures," 
required  that  the  external  configuration  of  plants  suggested  their 
use  in  medicine,  and  hence  the  origin  of  such  names  as  lungwort, 
liverwort,  &c.  The  celebrated  hypothesis  of  Galen  is  little  more 
than  a  mass  of  fantastic  fiction,  and  deserves  no  notice.  In  more 
recent  times,  when  observations  were  more  accurate,  it  was  noted 
that  symptoms  were  cured  by  drugs  which  produced  an  opposite 
effect.  Thus,  diarrhoea  was  cured  by  astringents  and  constipation 
by  purgatives,  and  so  a  system  of  cure  contraria  contraribus  curantur 
was  promulgated.  Towards  the  end  of  the  eighteenth  century  a 
German  physician,  Hahnemann,  introduced  homeopathy.  He 
regarded  disease  as  "immaterial"  produced  by  some  irritation, 
and  being  immaterial  its  symptoms  only  could  be  treated:  this 
was  done  by  opposing  it  with  another  agent  having  a  very  similar 
action,  and  hence  arose  another  "  system  of  cure,"  similia  similibus 
curantur,  and  in  its  support  it  was  pointed  out  that  diarrhoea  was 
sometimes  cured  by  purges  and  inflammatory  skin  diseases  by 
drugs  which  produced  inflammation.  This  "  homeopathic  specula- 
tion "  further  suggests  that  infinitesimal  doses— one  bilHonth  of  a 
grain,  or  less— are  necessary  to  exert  this  mystic  power  over  disease. 
Pharmacology  is  now  a  purely  experimental  science,  all  such  fan- 
tastic speculations  as  those  mentioned  have  been  swept  aside,  and 
it  no  longer  merits  the  reproach  of  being  a  discredit  to  medicine. 
It  is  true  that  a  few  medicines  are  still  often  prescribed  empirically, 
following  the  dictates  of  experience  without  reference  to  science  : 
this  is  the  case  when  colchicum  is  prescribed  for  gout.  How  this 
drug  beneficially  affects  acute  gout  the  pharmacologist  cannot  as  yet 
say,  but  this  is  largely  due  to  the  fact  that  the  pathology  of  the 
disease  is  still  unknown.  Rational  treatment  presupposes  a  know- 
ledge of  the  working  of  the  disease,  and  the  pharmacology  of  the 
remedy  used  to  combat  it.  Quinine,  we  know,  kills  organisms  of 
malaria  at  a  certain  period  in  their  life-history  without  hurting 
the  host.  The  treatment  of  malaria  by  quinine  is  therefore  rational, 
and  our  knowledge  also  tells  us  when  to  administer  the  quinine  so 
as  to  reach  the  parasite  at  the  one  stage  in  its  hfe -history  at  which 
it  is  vulnerable.  Or,  to  take  another  example,  alkalies  administered 
on  an  empty  stomach  inhibit  the  secretion  of  gastric  juice.  If, 
then,  it  is  discovered  that  a  man  is  suffering  from  dyspepsia  due 
to  a  hypersecretion  of  a  feebly  active  gastric  juice  (a  common  type 
of  dyspepsia),  the  administration  of  alkahes  is  rationally  indicated. 

It  was  formerly  thought  that  for  each  disease  a  certain  cure  in 
some  drug  might  be  found  :  there  are,  however,  few  drugs  having 
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such  a  specific  effect  ovei-  disease,  but  some  exist  which  may  be 
entitled  to  the  term  specific.  They  are — the  various  antitoxins, 
quinine  in  malaria,  mercury  in  syphilis,  thyroid  gland  in  myxoedema, 
sulphates  in  non-amoebic  tropical  dysentery,  and  a  few  others  ; 
but  speaking  generally,  there  is  no  royal  road  to  curing  disease. 
Having  decided  as  to  the  exact  pathological  condition  of  the  patient, 
we  determine  how  best  to  assist  nature  and  to  prevent  death  ;  we 
may  then  decide  what  special  tissue  of  the  body  must  be  stimulated 
or  depressed,  and  from  our  knowledge  of  pharmacology  select  our 
drug  or  drugs  accordingly.  Every  case  must  be  decided  on  its 
own  merits,  and  the  routine  use  of  set  prescriptions  for  diseases  is  a 
practice  now  relegated  to  the  past. 

In  describing  the  action  of  a  drug,  it  is  well  to  proceed  in  a 
methodical  manner.  First  state  what  is  known  concerning  the 
effects  of  the  drug  outside  the  body.  Does  it  influence  protozoa 
bacteria  or  ferment  action  ?  Does  it  form  chemical  combinations 
with  proteids  ?  Too  much  stress  can  hardly  be  laid  on  these  simple 
observations,  since  they  may  elucidate  the  whole  action  of  the  drug. 
To  take  a  single  example,  the  action  of  tannin  depends  on  its  power 
of  combining  with  and  precipitating  proteids  and  gelatine. 

The  local  action  of  the  drug  on  the  skin  and  mucous  membranes 
should  form  the  next  subject  of  observation.  Has  it  irritant  or 
anaesthetic  properties,  and  does  it  affect  the  pupil  when  applied 
locally  ?  Having  determined  these  points,  the  effects  of  the  drug 
after  internal  administration  should  be  described.  In  the  mouth 
taste,  salivation,  and  other  reflex  effects  should  be  noted :  a 
mouthful  of  brandy  has  a  decided  reflex  effect  on  the  heart  and 
respiration.  In  the  stomach  and  intestines  the  action  of  the  drug 
should  be  considered  in  so  far  as  it  affects  digestion,  muscular 
movements,  vascularity,  or  gives  rise  to  reflex  effects  such  as 
vomiting,  all  these  actions  being  produced  before  the  absorption 
of  the  drug  into  the  system.  The  question  of  absorption  is 
next  considered  with  special  reference  to  its  position  and  rate  ; 
how  much,  and  in  what  form,  does  the  drug  gain  access  to  the 
blood. 

On  reaching  the  blood  the  drug  exerts  its  specific  action.  That 
is  to  say,  being  now  of  easy  access  to  all  tissues  in  the  body,  it 
generally  shows  a  particular  predilection  for  some  special  tissue 
or  organ.  Strychnine  especially  picks  out  certain  cells  in  the 
spinal  cord  ;  pilocarpine  excites  certain  nerve-endings  ;  caffeine 
has  a  peculiar  affinity  for  muscle-tissue  ;  whilst  quinine  has  a 
depressant  action  on  all  tissues  without  a  decided  specific  action 
for  any  one.  Lastly,  the  excretion  of  the  drug  must  be  described, 
the  time  of  excretion  and  any  effect  on  the  excretory  organs  must 
be  noted,  together  with  any  changes  which  the  drug  has  undergone 
in  the  body.  Some  drugs  owe  part  of  their  action  to  changes  in 
their  composition,  thus  citrates  and  tartrates  are  excreted  as  car- 
bonates in  the  urine,  which  they  therefore  render  more  alkaUne. 


I 


4 


A  MANUAL  OF  PHARMACOLOGY 


This  is  the  natural  sequence  which  should  be  followed  in  describ- 
ing the  action  of  a  drug ;  but  as  many  drugs  are  employed  for  only 
one  purpose,  it  must  be  altered  accordingly.  Zinc  sulphate  is  an 
emetic,  and  is  given  internally  for  this  purpose  only.  Its  specific 
action  cannot  be  so  determined,  because,  like  many  of  the  other 
metals,  it  is  hardly  absorbed  from  the  alimentary  canal.  To 
determine  its  specific  action,  it  is  necessary  to  inject  the  drug. 
Most  of  the  terms  used  in  Pharmacology  are  those  found  in  physi- 
ology or  such  others  as  readily  explain  themselves.  They  are 
described  in  detail  in  their  proper  position,  but  one  or  two  may 
be  noticed  here.  The  term  "  alterative  "  was  formerly  used  to 
signify  a  drug  which  altered  a  morbid  process  :  the  term  is  no 
longer  necessary,  and  should  not  be  used.  The  term  astringent 
is  used  in  a  double  sense,  and  refers  to  remedies  which  precipitate 
albumin  and  gelatine,  such  as  tannin,  as  well  as  to  remedies  which 
induce  vaso-constriction  from  a  specific  action  on  the  vessels, 
such  as  digitalis.  It  is  wrong  to  include  two  such  absolutely 
different  groups  of  drugs  under  a  single  title,  and  it  is  much  better 
to  confine  the  use  of  the  word  astringent  to  the  tannin  group. 
The  word  tonic  is  also  a  term  that  is  much  abused.  Strictly, 
it  means  a  drug  which  increases  tone  ;  and  it  is  well  to  confine  its 
use  to  this  meaning  only.  "  Stimulant  "  is  another  word  which 
is  very  loosely  used.  Digitalis,  alcohol,  strychnine,  are  all  spoken 
of  as  cardiac  stimulants  :  such  language,  except  for  colloquial 
use,  is  of  little  value.  We  cannot  tell  from  this  if  the  heart  is 
quicker  or  slower,  or  what  is  the  exact  condition  of  systole  and 
diastole.  And  the  same  warning  applies  to  the  loose  use  of  the 
word  "depressant." 

Drugs  can  affect  the  function  of  a  tissue  only  in  one  of  two  ways  : 
they  may  augment  or  diminish.  Oxygen  augments  the  activity 
of  protoplasmic  movements,  whilst  the  absence  of  oxygen  soon 
diminishes  it.  In  some  organs  containing  a  complexity  of  struc- 
tures, it  may  be  difficult  to  discover  whether  any  given  effect  is 
due  to  stimulation  or  depression.  A  dmg  may  quicken  the  heart 
by  paralysing  the  inhibitory  fibres  (vagus)  or  exciting  the  acceler- 
ator (sympathetic) ;  or  again  peristalsis  can  be  augmented  by  cutting 
off  the  inhibitory  influences  (sympathetic)  or  by  stimulating  the  ex- 
citing nerves  (vagus)  ;  but  in  each  case  the  result  is  the  same. 
Alcohol  during  one  stage  of  narcosis  produces  hyperactivity  of  the 
motor  areas,  and  so  does  atropine  ;  the  effect  of  the  former  is  probably 
due  to  depression  of  the  higher  and  controlling  areas  of  the  brain, 
whilst  that  of  the  latter  is  a  stimulant  action  on  the  motor  cells — 
yet  the  result  is  somewhat  similar  in  both  cases.  Strychnine  pro- 
duces convulsions  by  allowing  impulses  to  pass  more  easily  through 
the  sensory  part  of  the  cord,  and  so  a  normal  impulse  induces 
an  exaggerated  effect.  But  we  know  not  if  this  effect  is  due  to 
stimulation  or  depression,  nevertheless  we  speak  of  the  effect  as 
stimulant  because  the  reflexes  are  increased. 
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How  Drugs  Act.— Drugs  may  produce  their  effects  in  one  of 
several  ways.  Some  substances  act  purely  physically.  Such, 
for  example,  is  bismuth  carbonate  :  it  is  quite  insoluble,  is  chemi- 
cally inert,  and  is  oijly  absorbed  into  the  system  in  minute  amount 
from  the  alimentary  canal,  and  yet  it  is  a  valuable  drug  in  condi- 
tions of  gastric  irritation.  It  acts  largely  by  sticking  to  the  mucous 
membrane  and  forming  a  protective  sheath  against  particles  of 
food  and  irritating  juices.  Charcoal  is  another  substance  which 
appears  to  have  a  physical  action  only. 

Many  chemically  inert  substances  are  absorbed  and  are  excreted 
unchanged.  All  these  substances,  provided  they  form  no  com- 
binations, specific  or  general,  in  the  body,  exert  a  greater  or  lesser 
narcotic  action.  A  physical  law  to  explain  the  action  of  all  such 
substances  has  been  formulated  :  "  The  most  powerful  narcotic 
substances  are  those  which  combine  a  very  slight  solubility  in 
water  with  a  very  high  solubility  in  ether,  olive  oil,  or  brain-lipoid." 
The  cerebral  cells  are  more  sensitive  to  alteration  in  their  com- 
position than  other  cells,  and  they  contain  a  much  larger  percentage 
of  "  lipoid  matter,"  so  that  the  drug  tends  to  accumulate  in  them. 
Hence,  we  have  another  physical  explanation  of  the  action  of  certain 
remedies.  This  group  will  be  again  referred  to  when  we  discuss  the 
action  of  hypnotics. 

There  is  still  a  third  way  in  which  drugs  may  profoundly  influence 
the  body  by  physical  means — that  is,  by  osmosis.  Certain  ions  are 
readily  absorbed  by  the  alimentary  canal,  and  others  are  hardly 
absorbed  at  all,  and  pass  out  with  the  fseces.  K,*Na,  Li,  NH^,  CI, 
Br,  I,  ions  are  rapidly  absorbed  into  the  tissues.  SO^,  Mg,  ions 
are,  on  the  contrary,  only  absorbed  to  a  very  small  degree.  Salts 
which  dissociate  into  the  latter  ions  will  attract  to  themselves  fluid 
by  osmosis  until  a  solution  is  obtained  which  is  isotonic  with 
the  surrounding  tissues,  and  this  will  render  the  faeces  more  watery, 
and  by  increasing  their  bulk  tend  to  augment  peristalsis  reflexly. 
In  the  case  of  salts,  it  may  be  important  to  determine  what  part 
in  the  action  each  ion  plays  ;  but  this  is  of  no  significance  in  the 
case  of  the  alkaloids  ;  for,  to  take  the  example  of  strychnine  sul- 
phate, the  activity  of  the  strychnine  so  completely  overshadows 
that  of  the  SO^  ion  that  the  latter  may  be  neglected. 

Most  drugs  exert  their  action  by  chemical,  and  not  physical, 
means.  They  may,  in  the  first  place,  affect  tissues  chemically 
in  so  simple  a  way  that  we  can  understand  from  our  knowledge 
of  chemistry  something  of  what  is  going  on.  Concentrated  sul- 
phuric acid  chars  and  destroys  living  tissues  in  much  the  same 
way  as  it  destroys  paper  or  other  organic  matter,  by  the  witii- 
drawal  of  water.  Or,  to  take  another  case,  the  astringent  action 
of  tannin  and  metallic  salts  depends  upon  the  combination  of 
these  with  albumin  and  the  formation  of  an  insoluble  albuminate. 
Or,  again,  the  administration  of  iron  salts  cures  a  deficiency  of 
hcEmoglobin  (anccmia)  in  the  young.    It  is  thought  by  some  that 
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these  cases  may  be  due  to  an  excess  of  sulphide  in  the  gut  com- 
bining with  the  organic  iron  of  the  food,  and  so  preventing  its 
absorption.  Inorganic  iron  cures  the  complaint  by  combining 
with  the  sulphide  and  forming  the  insoluble  FeS,  so  that  the  organic 
iron  being  now  left  intact  can  be  absorbed.  As  one  last  example 
of  this  mode  of  action  we  may  cite  citrates  ;  these  salts  combine 
with  calcium  and  form  salts.  Now  calcium  is  essential  not  only 
to  living  protoplasm,  but  also  to  certain  unorganised  ferments,  such, 
for  example,  as  rennet  and  fibrin  ferment ;  so  that  if  a  little  fresh 
blood  is  drawn  off  into  a  dish  containing  a  few  crystals  of  sodium 
citrate  the  clotting  of  the  blood  is  greatly  delayed. 

But  the  drugs  which  are  mainly  employed  in  medicine  act  in  a 
way  different  from  any  of  these.  Very  minute  quantities  of  a 
drug  may  induce  a  general  effect  on  all  protoplasm  throughout 
the  organism,  or  may  exert  an  action  on  some  special  tissue  or 
tissues,  leaving  the  others  quite  unaffected.  The  latter  class  of 
drugs,  as  we  have  already  noted,  are  said  to  have  a  specific  action, 
and  the  former,  i.e.,  those  which  affect  most  forms  of  hving  proto- 
plasm alike  are  termed  general  -protoplasmic  poisons.  But  even 
drugs  of  the  latter  class  exert  some  specificity.  Thus  cocaine  and 
aconitine  paralyse  sensory  nerve-fibres  before  motor  ;  and  quinine 
in  minute  amounts  will  destroy  the  spirochsetse  of  the  mouth, 
whilst  having  no  effect,  even  in  ten  times  the  concentration, 
on  those  found  in  the  blood  taken  from  a  case  of  relapsing  fever. 

It  is  certain  that  during  the  production  of  a  specific  effect  the 
drug  is  actually  in  some  sort  of  combination  with  a  chemical  body 
contained  in  the  cell  acted  upon  ;  and  it  is  generally  assumed  that 
this  combination  is  chemical  in  character.  For  example,  we  know 
that  adrenalin  is  taken  up  and  destroyed  by  the  nerve-endings 
which  it  excites  ;  and  further,  that  only  a  limited  amount  is  so  taken 
up,  for  when  this  limit  is  reached  the  adrenalin  remains  unchanged 
in  the  blood.  Or,  again,  secretin  is  taken  up  by  the  pancreas  cells, 
and  the  chemical  combination  which  results  induces  the  active 
secretion  of  the  gland.  In  the  examples  we  have  given  the  drug 
is  destroyed  as  a  result  of  the  chemical  change.  This  is,  however, 
not  always  the  case.  Strychnine,  for  example,  which  has  a  specific 
effect  on  the  cord,  only  appears  to  enter  into  some  very  loose  form 
of  combination,  for  the  whole  of  the  alkaloid  may  be  subsequently 
recovered  in  the  urine,  though  excretion  may  last  several  days. 
If  strychnine  is  mashed  up  with  fresh  spinal  cord  the  alkaloid  is 
quite  easy  to  recover  again,  but  if  secretin  is  shaken  up  with  a 
pancreatic  emulsion,  or  if  adrenalin  is  passed  several  times  through 
some  vessels  containing  a  plentiful  supply  of  nerve-endings,  the 
drug  in  each  of  these  two  cases  is  destroyed.  Morphine,  an  alka- 
loid acting  essentially  on  central  nerve-cells,  takes  a  place  in  between 
strychnine  on  the  one  hand  and  adrenalin  and  secretin  on  the 
other.  It  is  partially  destroyed  in  the  tissues  ;  but  if  the  animal  is 
tolerant  to  morphine  the  destruction  is  much  greater  than  normal. 
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Ehrlich  suggested  an  hypothesis  to  account  for  the  action  of  toxins 
on  the  tissue?  He  believed  that  the  specific  effect  of  toxms  on 
special  tissues  was  due  to  the  possession  of  side-chams  on  the 
Mogen-molecule,  to  which  the  molecules  of  the  toxins  attached 
themselves  in  the  same  way  that  he  considers  that  nutritive  proteids 
are  capable  of  uniting  to  cells  during  normal  assimilation.  As 
regards  drugs,  it  is  difficult  to  suppose  them  acting  in  this  way,  and 
it  is  an  easy  matter  by  using  suitable  solvents  to  remove  such 
drugs  from  the  tissues,  i.e.,  they  are  recoverable,  which  toxins  and 

foodstuffs  are  not.  ^     ,   ^  • 

It  is  necessary  at  this  stage  to  understand  what  is  meant 
by  -protoplasm.     Put   crudely,  we  mean   a   collection   of  dead 
matter  constantly  undergoing  certain  chemical  changes  botti 
anabolic  and  katabohc,  in  a  definite  order.    Now  these  changes, 
taken  as  a  whole,  are  very  complex,  but  when  analysed  as  far^as 
we  are  at  present  able  to  do,  they  consist  of  an  immense  number 
of  simple  chemical  reactions  which  probably  all  fit  into  one  another 
and  follow  one  another  in  a  regular  sequence.    If  we  pick  out  irorn 
this  sequence  any  one  single  change  and  examme  it  more  m  detail, 
we  find  in  a  certain  number  of  cases  that  we  can  imitate  in  the 
laboratory  this  change  which  the  hving  protoplasm  brings  about 
in  the  body.    This  we  do,  not  through  a  known  chemical  reagent, 
but  by  means  of  a  body  termed  a  ferment.    Ferments  can  be 
obtained  in  indefinite  numbers  from  all  living  structure;  thus 
about  twenty  have  already  been  extracted  from  the  liver,    it  is 
very  probable,  then,  that  living  matter  produces  its  mternal  changes 
through  the  agency  of  ferments,  each,  no  doubt,  havmg  a  com- 
paratively limited  sphere  of  action,  and  passing  on  its  products 
when  acted  upon  to  be  dealt  with  by  another  ferment,  and  so  on, 
no  matter  whether  the  changes  are  anabohc  or  katabohc  m  nature 
If  we  remove  from  a  living  cell  all  dead  material,  water,  salts  and 
ferments,  is  it  necessary  to  assume  that  there  is  anything  lett  ? 
We  think  not,  and  believe  that  there  is  no  inherent  difficulty  in 
regarding  protoplasm  as  a  system  of  ferments  co-ordinated  together. 
Dead  material  to  which  ferments  are  added  does  not,  however, 
constitute  life,  even  should  fermentations  occur,  because  co-ordina- 
tion between  the  different  ferments  is  lacking. 

If  then  we  regard  protoplasm  from  some  such  simple  stand- 
point it  is  obvious  in  what  a  great  number  of  ways  drugs  may 
act  on  the  living  cell :  they  may  have  an  affinity  for  any  of  the  dead 
particles  undergoing  analytical  or  synthetical  reactions,  and  thereby 
either  stop  or  accelerate  the  cycle  of  changes,  or  they  may  produce 
their  effects  on  the  ferments.  Thus  the  action  of  invertin  upon 
cane-sugar  is  hindered  by  KCl,  quickened  by  NH,.C1,  and  unaltered 
by  a  certain  proportion  of  both  salts.  We  can  understand  why 
glucose  is  oxidised  in  the  body  or  converted  into  glycogen  by  fer- 
ments which  have  no  action  on  its  stereo-isomer  xylose;  the  latter, 
therefore,  passes  through  the  system  unchanged.    Caffeine  has  a 
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special  action  on  muscle,  whereby  death  and  rigor  mortis  of  the 
fibres  are  induced.  But  in  these  cases  the  ferment,  which  ordi- 
narily in  rigor  mortis  produces  coagulation  of  the  myosinogen  is 
found  to  be  increased,  whilst  the  caffeine  is  not  altered.  So  that 
although  caffeine  produces  this  profound  effect,  it  does  not  itself 
seem  to  partake  directly  in  the  chemical  action. 

This  simple  conception  of  protoplasm  will  explain  all  the  phe- 
nomena with  which  we  are  directly  concerned  in  pharmacology. 

_  A  drug  may  have  a  specific  action,  not  necessarily  of  the  same 
kind,  on  several  tissues.  Atropine  excites  the  cells  of  the  motor 
cortex,  but  it  depresses  the  vagal  endings  in  the  heart.  And 
even  in  the  same  cell  drugs  do  not  influence  all  processes  to  the 
same  extent.  Thus,  to  take  an  easy  example,  certain  vegetable 
cells  show  both  movements  of  the  protoplasm  and  karyokinetic 
figures  in  the  nucleus.  Certain  gases  and  poisons  not  too  concen- 
trated inhibit  the  moving  protoplasm,  but  do  not  stop  the  kary- 
okinesis. 


Weights  and  Measures 

The  Enghsh  official  standards  of  weights  and  measures  as  pre- 
scribed by  the  "  Pharmacopoeia  "  are  those  of  grains,  minims, 
drachms,  and  ounces.  In  foreign  countries  the  metric  system  is  in 
general  use  and  liquids  as  well  as  solids  are  weighed.  The  metric 
system  is  universally  known,  is  very  easy,  and  it  has  a  simple 
relationship  between  linear,  sohd,  and  liquid  measures  : 

WEIGHTS  {Avoirdupois  Weight). 

I     grain  S^^mbol,  gr. 

437-5     .»      =  one  ounce     ...  ,3 
16   ounces  =  one  pound    ...         ,,  Bb 

The  drachm  is  also  generally  employed,  but  it  is  not  official  ;  it 
represents  60  grains,  and  is  written  3. 


MEASURES  OF  CAPACITY. 


I  miQim 


Symbol, 


5 
O 

C 


60  minims  =  one  fluid  drachm 

8  fluid  drachms  =  one  fluid  ounce 

20  fluid  ounces     =  one  pint 

8  pints  =  one  gallon  . 

I  minim  =      0.9 11  grains  of  water  at  62°  F. 

I  fluid  ounce  =  473.5 

I  per  cent,  solution  =  about  one  grain  in  no  minims 

In  the  household,  medicines  are  often  rouglily  measured  by  assum- 
mg  that  a  drop  =  iTi^i,  a  teaspoonful  =  5i,  a  dessert-spoonful  =  5ij 
a  table-spoonful  =  J§  or  .^ss  (ss  =  semisse),  a  tumblerful  =  =xi. 


CONDITIONS  MODIFYING  THE  ACTION  OF  DRUGS  9 


CONVERSION  OF  BRITISH  TO  METRICAL. 
Weights.  Measures. 

I  minim         =    0.059  c.c. 
I  draclim       =    3-55  >> 
I  fluid  ounce  =  28.417  ,, 
I  gallon         =   4-545  litres. 


I  grain   =    0.065  grm. 
I  ounce  =  28.349  grms. 


CONVERSION  OF  METRICAL  TO  BRITISH. 

I  gramme  =  15-432  grains. 

I  cubic  centimetre  =  16.95  minims. 

I  litre  (1000  c.c.)     =  35.275  fluid  ounces,  or  1.76  pints 


CONDITIONS  MODIFYING  THE  ACTION  OF  DRUGS 

The  "  Pharmacopoeia  "  suggests  doses  for  each  drug  which  may 
be  used  as  guides,  but  the  dosage  in  any  particular  case  is  affected 
by  many  different  factors.  A  drug  may  have  different  actions  accord- 
ing to  the  dose  from  another.  Thus,  ammonium  carbonate  is  an 
expectorant  in  small  doses  (3  to  10  grs.),  but  in  doses  of  30  grs.  it 
is  emetic.  Or  to  take  another  example,  aconitine  in  therapeutic 
doses  slows  the  heart-beat  by  stimulating  the  medulla ;  but  if  the 
dose  is  increased  much  the  heart  becomes  very  rapid,  because 
the  direct  action  of  the  drug  on  the  cardiac  muscle  obtains  sway. 

When  a  drug  produces  some  definite  effect  on  a  tissue,  the  degree 
of  action  varies  with  the  quantity  of  drug  which  is  free  to  act,  or, 
in  other  words,  with  the  relationship  between  the  amount  of  tissue 
acted  upon  and  the  drug  acting.  As  most  tissues  grow  larger  with 
age,  it  is  obvious  the  amount  of  drug  suitable  to  produce  an  effect 
in  an  adult  may  be  too  great  for  a  child,  so  that,  strictly  speaking, 
the  amount  of  any  drug  to  be  prescribed  should  be  in  proportion  to 
the  weight  of  the  patient.  In  practical  medicine  this  refinement  is 
not  observed.  But  there  are  several  rough-and-ready  rules  for 
estimating  from  the  adult  dose,  suitable  ones  for  children.  One 
such  method  is  to  add  twelve  to  the  age  of  the  child  and  divide 
the  age  by  the  amount  thus  obtained,  the  quotient  being  the  frac- 
tion of  the  full  dose  which  may  be  given.    Thus,  for  a  child  of  three 

vears  old  — - —  =  i.  But  no  rule  of  this  description  is  infaUible 
^  3  +  12 

since  the  structures  of  the  body  do  not  develop  in  equal  pro- 
portion ;  some  are  still  embryonic  whilst  others  are  practically 
mature.  We  find  that  opium  even  in  extremely  small  doses  is  very 
toxic  to  children,  and  the  central  nervous  system  upon  which  the 
opium  acts  is  one  of  the  last  tissues  to  reach  maturity.  Indeed, 
it  may  be  stated  as  a  general  rule  that  such  differences  in  action  as 
occur  between  adult  man  and  children,  or  between  man  and  other 
mammals,  are  due  to  a  difference  in  structure,  and  in  consequence 
it  is  the  drugs  which  specially  affect  the  higher  brain  which  ex- 
hibit the  greatest  variations  of  action.    Drugs  which  attack  the 
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heart  or  nerve-endings,  structures  which  are  almost  identical  in 
all  mammalia,  act  in  much  the  same  way  throughout  the  animal 
kingdom. 

The  relationship  between  the  time  of  administration  of  the  drug 
and  meal-time  may  influence  not  only  the  rate  of  absorption  of  the 
drug,  but  may  also  in  some  cases  modify  its  action.  When  drugs 
are  given  on  a  full  stomach  absorption  is  likely  to  be  slower  than 
if  they  are  given  some  time  after  a  meal.  Should  a  local  action  be 
desired  on  the  gastric  mucous  membrane  the  drug,  such  as  bismuth, 
must  be  administered  before  food.  Drugs  containing  tannin,  on  the 
other  hand,  should  be  prescribed  after  meals  :  if  they  are  given  on 
an  empty  stomach  the  tannin,  which  normally  combines  with  the 
albumin  of  the  food,  will  now  irritate  the  stomach  and  induce 
vomiting.  Similarly,  a  full  dose  of  arsenic  before  a  meal  will 
induce  gastric  irritation,  but  it  has  no  disagreeable  effect  if  taken 
immediately  after  food.  As  a  final  example,  we  may  mention  the 
alkahes.  If  these  are  taken  before  food  they  inhibit  the  secretion 
of  gastric  juice,  but  if  taken  some  time  after  a  meal  they  may  be 
used  to  neutralise  excess  of  acid  in  the  stomach  and  have  no  in- 
hibitory effect. 

Pregnancy  and  lactation  should  be  taken  into  consideration  when 
prescribing.  Strong  purges  reflexly  increase  the  movements  of  the 
uterus  and  may  lead  to  abortion.  During  lactation  many  drugs 
are  partially  excreted  by  the  milk,  and  so  may  affect  the  child, 
and  in  some  cases  even  lead  to  poisoning. 

The  preparation  employed  is  also  a  matter  of  importance.  Thus, 
the  infusion  and  tincture  of  digitalis  have  a  different  action.  When- 
ever possible  a  standardised  preparation  should  be  used,  i.e.,  either 
the  pure  alkaloid  or,  when  this  is  impossible,  a  preparation  which 
has  been  otherwise  standardised.  Ergot,  digitalis,  and  Indian 
hemp  are  especially  liable  to  wide  variations  in  activity. 

Drugs  sometimes  appear  to  have  a  different  effect  in  disease 
from  their  normal  action.  This  is  not  really  the  case  ;  they  act  in 
precisely  the  same  way,  although  the  results  may  appear  different. 
Digitalis  produces  decided  slowing  of  the  heart  in  those  forms  of 
cardiac  disease  in  which  the  beat  is  very  rapid,  but  it  only  slows 
the  beat  a  little  in  health.  Moderate  stimulation  of  the  vagus 
nerve  will  always  slow  a  rapid  heart  much  more  decidedly  than  one 
which  is  already  slow.  It  slows  a  normal  heart-beat  of  80  more  than 
one  of  60,  and  since  digitalis  excites  the  vagus  we  can  understand 
why  the  slowing  is  so  much  more  pronounced  in  the  quick  heart 
of  mitral  disease  than  in  the  normal  heart.  Pilocarpine  produces 
sweating  by  exciting  the  nerve-endings  to  the  sweat-glands.  Yet 
if  the  spine  is  fractured  and  the  cord  crushed  the  sweating  pro- 
duced by  pilocarpine  is  very  deficient  below  the  seat  of  fracture. 
The  normal  action  of  the  drug  in  this  case  is  possibly  over-shadowed 
by  inhibitory  impulses.  As  other  examples,  we  mention  thyroid 
gland,  which  cures  myxosdema,  a  disease  which  is  produced  "by  a 
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deficiency  of  thyroid  secretion ;  morphine  in  the  morphomaniac ; 
antipyretics  in  fevers,  and  the  various  antitoxins,  all  of  which  will 
be  considered  in  detail  later. 

The  time  to  administer  a  drug  requires  consideration.  Hypnotics 
should  be  given  at  a  suitable  interval  before  bed-time  ;  purgatives 
are  best  taken  in  the  evening,  and  so  on. 

Drugs  may  exert  an  unexpected  effect  either  by  having  an 
unusual  action  or  by  failing  to  produce  their  ordinary  action. 
Some  of  the  so-called  cases  of  idiosyncrasy  admit  of  easy  explana- 
tion. Many  plants  contain  more  than  one  active  constituent,  and 
if  one  of  the  rarer  of  these  happens  to  be  present  in  excess  unto- 
ward symptoms  may  result.  Opium  should  contain  about  lo  per 
cent,  of  morphine  and  act  as  a  narcotic,  but  sometimes  narcotine 
is  present  in  very  large  amounts,  even  up  to  15  per  cent.,  and  may 
then  lead  to  excitement  or  even  convulsive  spasms.  Or  the  drugs 
may  deteriorate  by  keeping.  Some  of  the  evil  effects  may  depend 
on  cumulation  due  to  deficient  excretion  as  in  renal  disease.  But 
there  are  some  idiosyncrasies  which  no  foresight  can  allow  for. 
In  some  people  the  smell  or  sight  of  a  cat  induces  an  attack  of 
asthma,  and  the  fact  of  eating  a  single  strawberry  has  been  known 
to  produce  swelling  of  the  face,  attacks  of  faintness,  and  even 
death. 

The  drugs  which  more  usually  manifest  these  idiosyncrasies  are 
quinine,  the  iodides,  opium,  beUadonna,  and  the  antipyretics  of 
the  coal-tar  series.  Some  patients  exhibit  toxic  symptoms  after 
therapeutic  doses '  of  opium,  some  get  buzzing  in  the  ears  after 
small  amounts  of  quinine,  and  others  are  invariably  made  wretched 
by  minute  doses  of  mercury.  Tobacco  in  certain  adults  readily 
causes  cardiac  disturbance  and  sometimes  amblyopia.  Even  more 
extraordinary  than  these  is  the  immunity  of  Algerian  sheep  from 
anthrax,  and  of  white  rats  from  various  toxins  to  which  their 
brown-coloured  fellows  succumb. 

Some  cases  of  idiosyncrasy  may  be  explained  by  cumulation. 
Some  drugs  are  excreted  more  rapidly  than  they  are  absorbed, 
and  with  these  it  is  difacult  to  get  sufacient  drug  present  in  the 
blood  at  one  time  to  produce  a  specific  effect.  Such  is  the  case 
with  curare  and  potassium  salts.  Neither  of  these  when  administered 
by  the  mouth  in  moderate  doses  shows  its  specific  action,  but  if 
they  are  injected  .so  that  their  rate  of  absorption  exceeds  that  of 
excretion,  the  former  paralyses  motor  nerve-endings  and  the  latter 
depresses  muscle-tissue,  more  especiaUy  that  of  the  heart. 

Cumulation  is  the  opposite  effect  to  this.  Small  doses  of  certain 
drugs  constantly  repeated  may  produce  quite  suddenly  symptoms 
of  such  a  nature  as  to  suggest  either  the  absorption  of  a  large  dose  of 
the  drug  or  a  temporary  deficiency  in  the  excretion.  Lead  is  only 
absorbed  in  minute  quantities,  but  if  these  quantities  are  absorbed 
regularly,  symptoms  of  lead  poisoning,  colic  and  paralysis  are 
produced  after  a  certain  time.    During  the  period  of  absori)lion 
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the  drug  is  not  excreted  at  the  same  rate  that  it  is  absorbed, 
so  that  it  accumulates  in  the  tissues  until  a  certain  saturation  point 
is  reached,  when  it  suddenly  produces  poisonous  symptoms.  In 
some  cases,  no  doubt,  the  sudden  symptoms  which  develop  during 
the  exhibition  of  a  drug  may  be  due  to  an  accelerated  absorption, 
the  result,  say,  of  some  accidental  gastric  effect  ;  and  in  others  to  a 
deficient  excretion  possibly  due  to  irritation  of  the  kidney  involving 
vaso-constriction. 

It  has  been  suggested  that  cumulative  action  may  be  a  "  summa- 
tion "  effect,  and  not  necessarily  due  to  the  accumulation  of  the 
drug  in  the  tissues  ;  and  it  is  stated  that  the  susceptibility  of  an 
animal  to  strychnine,  a  drug  which  induces  convulsions,  increases 
with  its  continued  administration.  But  strychnine  is  very  slowly 
excreted,  and  so  the  increased  susceptibility  is  more  likely  due, 
even  in  this  case,  to  an  accumulation  of  the  drug  in  the  tissues  than 
to  a  summation  of  effects.  Cumulation  is  frequently  seen  with 
mercury,  lead,  arsenic,  iodides  and  digitalis. 


TOLERANCE  AND  IMMUNITY 

Some  animals  and  men  fail  to  react  to  certain  drugs  in  what 
should  represent  a  considerable  dose,  and  this  phenomenon  is 
spoken  of  as  tolerance.    Tolerance  may  be  either  natural  or  ac- 
quired.   The  rat  is  very  tolerant  to  digitahs,  birds  to  opium  the 
rodents  generally  to  emetics,  the  herbivora  to  atropine,  and  hedge- 
hogs to  opium  cyanides,  arsenic,  mercury,  cantharides,  and  other 
poisons.    Let  us  take  as  an  example,  that  of  the  resistance  of  the 
hedgehog  to  cantharides.    In  the  first  place,  it  is  easily  demon- 
strated that  there  is  no  absolute  tolerance,  but  the  tissues  of  this 
animal  suffer  much  less  from  this  inflammation-producing  drug  than 
those  of  other  animals.    Cantharidin,  the  active  constituent  is 
absorbed  into  the  tissues,  and  is  excreted  unchanged  by  the  kidneys 
and  yet  there  is  no  inflammation  of  these  organs  such  as  occurs 
m  almost  every  other  animal.    Such  a  resistance  must  be  specific 
for  other  drugs  which  are  renal  poisons,  such  as  potassium  chro- 
\  """"^.f^  poisonous  to  these  organs  in  the  hedgehog  as  in  the 
rabbit.    We  are  still  ignorant  as  to  the  cause  of  such  tolerance,  but 
judging  from  analogy  we  might  regard  the  diminished  activity  as 
being  due  to  a  chemical  combination  of  the  cantharidin  with  some 
constituent  of  the  cell  which  renders  it  non-toxic  and  in  a  suitable 
form  for  excretion. 

Natural  tolerance  may  be  due  to  a  greater  power  of  excretion  than 
absorption,  as  is  the  case  with  curare  and  potassium  ion,  neither 
of  which  is  poisonous  when  given  in  moderate  doses  by  the  mouth 
Ur  It  may  be  due  to  a  power  of  neutralising  the  poison  ;  thus  if  a 
quantity  of  dilute  acid  is  administered  to  carnivorous  animals 
instead  of  this  being  neutralised  by  the  fixed  alkahes  of  the  blood 
and  tissues,  as  is  the  case  with  herbivorous  animals,  it  is  neutralised 
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bv  the  ammonia  which  is  Uberated  by  the  tissues  Much  larger 
amounts  of  dilute  acids  may,  therefore,  be  absorbed  by  man  and 
the  carnivora  than  by  the  herbivora.  Tliis  is  a  very  miportant 
tolerance  since  acid  is  particularly  liable  to  be  present  m  flesh-eaters, 
and  were  they  not  protected  by  the  formation  ol  ammonia  they 
would  gradually  be  deprived  of  all  their  alkaline  salts.  Chickens 
are  immune  to  oxahc  acid  when  given  by  the  mouth  because  their 
intestines  contain  so  much  calcium.  Any  condition  which  lowers 
the  general  resistance  of  an  animal  increases  its  susceptibility 
to  poisons  If  a  frog  is  warmed  in  tepid  water  it  becomes  much 
more  susceptible  to  drugs  and  toxins.  Or,  again,  animals  may  be 
killed  by  feeding  experiments  with  cholera  if  peristalsis  is  pre- 
viously stopped  by  morphine  or  if  the  gastric  juice  is  neutralised  by 

sodium  carbonate.  ..,,11  j 

Acquired  tolerance  is  the  result  of  habituation  to  the  drug,  and 
it  is  frequently  very  difiacult  to  explain.  When  a  solution  of  one 
of  the  heavy  metals,  such  as  zinc  sulphate  or  copper  sulphate,  is 
taken  by  the  mouth,  the  albuminate  is  formed  and  the  acid  is  set 
free  in  the  stomach.  These  two  factors,  the  formation  of  the  pre- 
cipitate and  the  hberation  of  free  acid,  serve  to  produce  a  corrosive 
effect  But  if  non-lethal  doses  of  such  salts  are  taken  habitually 
they  soon  cease  to  have  effect ;  the  mucous  membrane  becomes 
tolerant  to  the  effect  of  the  acid.  How  this  is  affected  is  not  known, 
but  the  condition  is  in  a  general  way  analogous  to  the  thickening 
of  skin  which  may  be  induced  in  any  part  of  the  body  as  a  result  of 
constant  irritation. 

There  is  Uttle  doubt  that  some  degree  of  tolerance  to  arsenic  may 
be  developed  by  habituation.    The  peasants  in  parts  of  the  Austrian 
Tyrol  take  arsenic  to  improve  their  powers  of  endurance.    They  are 
stated  to  begin  with  doses  varying  from  one-sixth  to  one-eighth  of  a 
grain  which  are  gradually  increased  till  four  or  five  grains  are  taken 
at  a  dose     Animals  also  may  be  habituated  in  a  small  degree  to 
arsenic  but  the  tolerance  is  difficult  to  obtain  and  the  animals  often 
die  in  the  process.    The  explanation  of  such  tolerance  is  not  easy. 
In  the  first  place,  it  has  been  shown  already  that  a  certain  tolerance 
can  be  produced  to  all  the  metals  which  irritate  the  stomach  by 
forming  an  albuminate.    Cannot  this  then  explain  the  tolerance 
to  arsenic  ?    It  may  to  some  extent  explain  the  absence  of  ali- 
mentary irritation,  which  is  the  cause  of  death  in  acute  poisoning. 
Yet  this  is  not  all,  for  the  arsenic  is  absorbed  even  m  the  most 
tolerant  man,  since  it  can  be  recovered  from  the  urine  ;  why  then 
does  it  not  exert  its  specific  effect  in  these  cases  ?    One  hypothesis 
which  has  been  suggested  is  that  an  antitoxin  is  formed  by  the 
habitual  administration  of  the  drug.    This  "  anti  "  body  is  said 
to  be  present  in  the  blood  serum,  for  8  c.c.  of  this  serum  from  a 
tolerant  rabbit  when  injected  into  a  second  rabbit  will  avert  death 
in  the  latter,  after  it  has  received  a  minimum  lethal  dose  of  arsenic. 
This  evidence  is  not  conclusive,  since  the  injection  of  almost  any 
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proteid  increases  the  resistance  of  animals  to  drugs.  Nevertheless 
it  assists  us  in  forming  an  explanation  of  the  tolerance.    The  action 
of  arsenic  depends  upon  its  ionisation,  and  if  it  combines  in  the 
body  and  forms  a  compound  which  will  not  ionise,  of  which  several 
such  are  known,  its  action  at  once  ceases  ;  but  the  body  with  which 
'  it  combines  is  not  an  "  antitoxin,"  in  the  sense  in  which  the  word 
is  now  used.    In  support  of  this  suggestion,  we  know  that  arsenic 
is  secreted  in  the  urine  in  some  organic  form.    Perhaps  as  an  analogy 
the  action  of  carbolic  acid  in  the  body  is  suggestive.    This  substance 
when  injected  into  the  blood  of  an  animal  uses  up  the  sulphates  and 
is  excreted  rapidly  as  phenyl-sulphuric  acid,  a  comparatively  non- 
toxic substance  ;  but  as  soon  as  the  sulphates  are  used  up  symptoms 
of  acute  poisoning  supervene,  which  are  allayed  by  the  injection  of 
sulphates  into  the  circulation.    In  other  words,  as  soon  as  the  car- 
bohc  acid  assumes  a  form  suitable  for  excretion  all  the  symptoms 
disappear.    The  tolerance  of  arsenic,  which  it  should  be  remembered 
can  only  be  developed  to  a  very  limited  degree,  can  be  explained 
(i)  by  Its  effect  on  the  alimentary  canal,  as  in  the  case  of  the  other 
metals,  and  (2)  after  absorption  by  its  combining  to  form  some  non- 
ionisable  organic  body  which  is  readily  excreted. 

The  best  examples  of  tolerance  in  drugs  are  seen  in  many  of  the 
organic  substances,  such  as  morphine,  nicotine,  or  even  alcohol. 

Moderate  doses  of  alcohol  are  oxidised  in  the  body,  and  probably 
only  2  or  3  per  cent,  is  excreted  unchanged  ;  this  oxidation  must 
be  regarded  as  a  protective  process.  If  a  man  accustomed  to  taking 
alcohol  IS  in  a  condition  of  nitrogenous  equihbrium,  i.e.,  he  is  taking 
m  ]ust  as  much  nitrogen  as  he  gives  out,  the  effect  of  adding  alcohol 
to  his  dietary  is  to  increase  his  nitrogenous  loss,  which  must  indicate 
a  poisonous  action  of  the  drug  on  the  tissues ;  but  if  the  drug  is 
continued,  after  three  or  four  days  this  effect  disappears  and  there 
is  a  shght  gam  of  nitrogen  to  the  body.  The  toxic  effect  has  gone 
and  the  tissues  are  capable  of  oxidising  the  drug ;  or,  put  in  another 
way,  a  certain  tolerance  has  been  developed.  Whether  this  oxida- 
tion IS  brought  about  by  a  ferment  (oxydase)  we  have  not  yet 
sufficient  evidence  to  show.  Habituation  when  acquired  for  a 
particular  drug  sometimes  produces  tolerance  to  allied  drugs- 
thus,  drunkards  require  more  chloroform  to  produce  anesthesia 
than  ordinary  individuals,  not  on  account  of  an  increased  destruc- 
tion of  the  drug  but  because  of  structural  changes  in  the  brain. 

Ihe  habitual  consumption  of  opium  or  morphine  also  leads  to 
tolerance  ;  the  interruption  of  the  daily  dose,  when  once  established 
produces  nervous  and  bodily  misery.  It  has  been  shown  that  if 
dogs  are  injected  hypodermically  with  morphine,  about  70  per  cent 
of  the  drug  can  be  recovered  from  the  feces.  If  the  same  dose  is 
repeated  many  times,  the  amount  that  can  be  so  recovered  gradually 
diminishes  until  eventually  none  can  be  obtained.  If,  now  the 
dose  is  increased,  the  same  phenomena  happen  again  with  the  surplus 
morphine  until  once  again  a  stage  is  reached  when  none  is  excreted  • 
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in  this  way  one  or  more  lethal  doses  may  in  time  be  given  without 
ill-effect,  although  the  ordinary  symptoms  of  morphmism  can  still 
be  obtained  by  further  increasing  the  dose.  If  such  a  tolerant 
animal  is  killed  no  morphine  is  found  in  its  tissues,  and  hence  the 
tissues  must  destroy  the  alkaloid  by  oxidation.  The  method  is 
just  as  protective  and  specific  in  its  type  as  is  antitoxin  formation 
after  the  injection  of  a  toxin.  We  know  that  the  weapons  of  the 
living  cell,  by  means  of  which  it  deals  with  incoming  materials, 
are  bodies  we  term  ferments,  and  although  we  cannot  yet  speak 
certainly  as  to  whether  this  transformation  is  brought  about  by 
direct  effect  of  an  oxydase,  yet  it  would  seem  very  probable. 

Nicotine  and  Indian  hemp  are  other  examples  of  drugs  whose 
tolerance  after  habituation  is  probably  to  be  explained  in  a  similar 
fashion.  Every  one  knows  that  nicotine  at  first  induces  nausea, 
vomiting,  and  generally  makes  the  novice  feel  very  ill,  but  if  toler- 
ance is  developed  large  amounts  may  be  absorbed  without  any 
noticeable  ill-effect. 

It  has  been  stated  that  if  a  drug  is  apphed  only  to  a  certain  organ 
of  the  body  that  this  organ  alone  will  after  a  time  become  tolerant. 
Thus,  atropine,  if  continually  dropped  into  the  conjunctiva,  soon 
cease's  to  induce  its  normal  effect  and  more  atropine  is  requisite  to 
induce  dilatation  of  the  pupil.  It  is  questionable  if  this  is  a  toler- 
ance. Atropine  attacks  the  nerve-endings  of  the  third,  and  if  these 
fibres  are  kept  paralysed  on  and  off,  secondary  changes  are  produced 
in  the  circular  muscles  as  well  as  on  the  radiating  fibres,  and  para- 
doxical effects  ensue. 

A  few  words  may  be  said  here  on  the  antagonism  between  toxins 
and  antitoxins.  It  is  advisable  to  retain  the  word  tolerance  to  such 
simple  bodies  as  alkaloids,  and  to  confine  the  term  immunity  to  a 
condition  brought  about  by  the  production  of  "  anti  "  bodies.  By 
injecting  toxins,  or  proteid  poisons,  into  animals,  bodies  are  formed 
in  their  tissues  which  render  the  toxins  inert  ;  these  are  termed 
antitoxins.  They  are  specific  and  protect  against  one  toxin  only. 
The  two  substances,  toxin  and  antitoxin,  combine  together  chemi- 
cally, as  was  shown  by  Martin  and  Cherry,  in  the  following  way  :  — 
Diphtheria  toxin  passes  through  a  Berkfelt  filter  covered  with 
gelatine,  but  antitoxin  does  not  because  its  molecule  is  too  large. 
If  the  toxin  is  mixed  with  the  antitoxin  and  kept  at  a  suitable 
temperature  a  short  time  the  toxin  no  longer  passes  through  the 
filter,  showing  that  some  chemical  combination  has  occurred. 

If  an  animal,  which  is  immune  to  a  toxin,  is  bled  and  the  serum 
collected,  this  will  be  found  to  contain  the  antitoxin,  which  when 
injected  'into  another  healthy  animal  renders  it  immune  to  the 
specific  toxin.  Ricin  and  abrin  are  vegetable  proteid-poisons  of 
enormous  potency  and  exert  a  necrotic  action  at  the  seat  of  inocula- 
tion. If  mice  are  fed  on  these  bodies,  a  degree  of  immunity  is 
developed  in  a  few  weeks  such  that  the  animal  can  now  tolerate  400 
times  the  original  fatal  dose  by  subcutaneous  injection. 
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PHYSIOLOGICAL  ACTION  AND  CHEMICAL 
CONSTITUTION 

The  specific  effect  of  a  drug  usually  depends  upon  its  chemical 
inter-action  with  some  constituent  of  the  living  cell.  The  latter 
factorisgenerally  unknown,  and  can  rarely  be  subjected  to  chemical 
analysis.  The  chemical  constitution  of  the  former  may  be 
well  recognised  and  its  pharmacological  action,  as  well  as  that  of 
several  of  its  derivatives,  accurately  determined.  Great  things 
were  expected  formerly  from  a  comparison  of  a  number  of  closely 
aUied  chemical  bodies  in  relationship  to  their  pharmacological 
action,  and  the  future  of  pharmacology  was  regarded  as  synthetical, 
i.e.,  the  building  up  of  chemical  substances  to  order  which  would 
have  a  pharmacological  action  previously  determined  upon,  and 
not  the  mere  analysis  of  an  action  of  a  chemical  compound  having  a 
known  constitution.  In  such  suppositions  the  vital  factor  is  not 
sufficiently  recognised.  Minute  changes  in  the  living  substance, 
which  cannot  be  detected  by  any  means  at  our  disposal,  may 
yet  induce  an  entirely  different  action  of  drugs.  Quinine  is  toxic 
to  the  fresh-water  amoeba  in  doses  of  i  in  50,000,  but  even  i  in 
1000  is  not  very  toxic  to  the  sea-amoeba.  Two  different  alkaloids, 
pilocarpine  and  physostigmine,  both  excite  the  nerve-endings  of  the 
motor  ocuh  in  the  sphincter  iris,  and  so  constrict  the  pupiL  If 
the  third  nerve  is  cut  post-ganglionically  and  allowed  to  degenerate, 
neither  drug  produces  any  effect  on  the  pupil,  say,  in  about  a  week's 
time.  But  after  this  period  the  pilocarpine  gradually  recovers  its 
activity  and  produces  constriction  of  the  pupil ;  but  the  physos- 
tigmine still  has  no  effect. 

Yet  the  action  of  these  two  drugs  seemed  to  be  brought  about 
in  the  same  way.  The  initial  metabohc  changes  abohshed  the  ex- 
citing influence  of  both  drugs,  but  later  the  particular  metabohte 
upon  which  the  pilocarpine  acted,  returned.  In  other  words, 
although  the  two  drugs  appear  to  act  precisely  in  the  same  way,' 
yet  in  all  probabihty  they  act  on  different  constituents  of  the  end 
organ. 

The  physical  properties  of  a  drug  also  influence  its  physiological 
action.  When  the  composition  of  a  drug  is  altered,  be  it  never  so 
little,  its  physical  characters  also  change,  its  volatilit}^  solubility, 
osmotic  properties,  ionisation,  all  or  any  of  which  may  considerably 
modify  its  pharmacological  action.  Yellow  phosphorus  given  by 
the  mouth  is  a  violent  poison,  but  red  phosphorus,  which  only  differs 
from  it  as  regards  its  physical  properties,  is  comparati  velv  innocuous. 
Yet  were  the  two  differently  constituted  chemically,  the  difference 
in  their  action  would,  no  doubt,  be  referred  to  this  fact.  The  action 
of  certain  hypnotics  affords  another  example  of  the  influence  of 
physical  characters  on  pharmacological  action.  We  have  already 
noted  that  they  may  be  chemically  inert  bodies,  which  are  absorbed 
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into  the  system  and  pass  out  unchanged,  but  which  on  account  of 
their  ready  solubility  in  fat-like  compounds  tend  especially  to  collect 
in  those  parts  where  such  bodies  exist,  i.e.,  the  central  nervous 
system  ;  in  this  way  they  interfere  with  the  proper  working  of  the 
nerve  cells.  The  chemical  constitution  of  hypnotics  of  the  latter 
group  is  but  an  index  of  their  physical  properties,  such  as  their 
relative  solubility  in  the  various  tissues  of  the  body,  and  of  osmosis. 

The  physiological  activity  of  a  salt  depends  on  various  factors, 
and  first  on  the  amount  of  dissociation  which  it  undergoes  in 
solution;  those  which  do  not  ionise  are  relatively  inert;  they 
have  a  mass  action  only.  Such  are  potassium  ferrocyanide  and 
zinc  ethyl,  Zn{C^^),.  The  disinfecting  power  of  mercury  salts 
varies  with  the  amount  of  dissociation,  and  not  with  the  quantity 
of  mercury  in  the  solution  ;  and  the  toxicity  of  acids  and  alkahes 
varies  with  the  amount  of  (H)  and  (OH)  ions  respectively  which  are 
present. 


Cacodylic  acid  is  only  slightly  toxic,  and  has  not  the  effects  of 
the  ordinary  arsenic  compounds,  because  it  does  .not  ionise. 
Arsenic  and  mercury,  which  induce  profound  changes  in  the  body,- 
owe  their  action  to  the  fact  of  their  absorption.  Yet  arsenic  is 
not  much  more  toxic  than  iron  when  the  two  are  introduced  into 
the  circulation.  In  correlation  with  the  marked  action  of  these  two 
metals  (arsenic  and  mercury)  is  the  fact  that  they  are  the  only  two 
which  are  to  any  extent  volatile.  Also  the  very  great  rapidity 
of  absorption  of  ammonium  compounds  can  be  explained  by  the 
fact  of  their  volatility.  By  increasing  the  solubility  of  a  drug  we 
may  (i)  render  it  more  toxic  by  admitting  of  its  easier  absorption . 
into  the  system,  but  we  may  also  (2)  decidedly  diminish  its  activity. 
Potash  salts  given  by  the  mouth  are  non-toxic,  because  they  are 
excreted  quicker  than  they  are  absorbed.  Carbolic  acid  is  a  very 
poisonous  substance  after  absorption,  but  combined  with  sulphuric 
acid  it  is  comparatively  harmless  on  account  of  its  rapid  excretion, 
and  not  because  of  any  alteration  in  its  specific  action. 

When  the  constitution  of  a  body  is  slightly  altered,  the  corre- 
sponding change  in  its  action  is  in  many  cases  directly  due  to  the 
physical  changes,  and  only  indirectly  to  the  change  in  structure. 
In  other  words,  the  alteration  is  not  due  to  the  drug  forming  a 
different  type  of  reaction  with  the  living  cell,  but  to  the  fact  that 
it  is  absorbed  better,  ionises  better,  penetrates  the  cell  more  easily, 
or  to  some  other  altered  physical  property.  It  is  therefore  im- 
possible to  draw  up  general  laws  forecasting  the  action  of  a  molecule 
when  it  has  been  subjected  to  some  small  change  in  composition, 
without  knowing  the  physics  of  such  a  change.    Thus,  hydroxyl 


/OH 
O  =  AS-OH 
\OH 


/OH 
O  =  AS— CH3 
\CH3 


Arsenic  acid. 


Cacodylic  acid. 


B 
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derivatives  of  the  aromatic  series  are  said  to  be  antiseptic  ;  amido 
derivatives  antipyretic,  and  those  which  contain  an  amido  group, 
having  one  of  its  atoms  replaced  by  an  alkyl  group,  analgesic. 
All  such  statements  are  futile  and  based  on  incorrect  supposition. 
Any  exact  knowledge  regarding  the  relationship  between  chemical 
constitution  and  pharmacological  action  is  impossible,  until  we 
know  something  of  the  chemical  changes  going  on  in  the  body. 

Nevertheless,  in  spite  of  these  difficulties,  we  are  able  to  give 
some  examples  of  allied  bodies  having  a  different  action,  probably 
in  some  cases  directly  due  to  alteration  in  the  chemical  molecules. 

If  (OH)  groups  are  substituted  into  the  benzene  nucleus  the 
action  of  taste  is  given  to  them  thus  : — 


OH 


OH 


OH 


OH 


OH 


Pyrocatechol 
(bitter). 


OH 


Resorcinol 
(sweet). 


OH 


OH 


OH 


OH 


NH 


COOH 


SO_, 
CO. 


Pyrogallol 
(bitter). 

">NH 


Phloroglucinol 
(sweet). 


co/ 


NH 


Anthranilic  acid 
(sweet). 


SO, 
CO 


Saccharin 
(very  sweet). 

>NH 


NH, 
(Very  sweet). 


co^ 


NH 


Br 

(First  sweet,  then  bitter.) 


NO, 
(Very  bitter.) 


So  that  the  different  effects  produced  on  the  senses  in  these  cases 
correspond  with  differences  in  the  arrangement  of  the  molecule. 
As  a  counterblast  to  such  reasoning,  however,  we  should  note 
that  dextro-asparagin  has  a  sweetish  taste,  while  Isevo-asparagin  is 
tasteless  ;  that  dextro-glutaminic  acid  has  a  characteristic  taste, 
while  Isevo-glutaminic  acid  is  tasteless. 

As  types  of  the  relationship  amongst  the  fatty  compounds  the 
following  examples  are  commonly  given  : — 


CH, 


CH3.CI 


Marsh  gas.  Methyl  chloride. 


CHvCl, 

Methylene 
dichloride. 


CH.CI3 
Chloroform. 


CCl, 

Carbon 
tetrachloride. 


These  bodies  form  a  series  in  which  the  anaesthetic  action  becomes 
greater  with  the  increase  in  proportion  of  chlorine.    This  difference 
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in  action  is  almost  certainly  largely  due  to  the  difference  in  their 
physical  properties,  solubility,  volatility,  &c.  The  chlorhydrins 
afford  still  another  example  : — 

CH,OH  CH,OH  CHp  CH.Cl 

I  I  ' 

CH.,OH  CH„OH  CnpU  CHfl 

I    '  I    '  I  ' 

CH^H  CH.Cl  CH^Cl  CH.p 

Glycerin.         Monochlorhydrin.     Dichtorhydrin.  Trichlorhydrin. 

They  all  depress  muscle  tissue,  and  the  greater  the  amount  of 
chlorine  the  greater  the  depression. 

The  fatty  alcohols  attack  the  nerve-cells  of  the  bram  and  cord 
and  produce  depression.  And  we  may  even  formulate  a  law  that 
the  longer  the  chain  (the  larger  the  molecule)  the  more  active 
they  are  ;  until  a  stage  is  reached  when  they  are  no  longer  absorbed. 
The  relative  toxicity  of  the  more  common  alcohols  is  shown  m  the 
following  table  : — 

Methyl  alcohol  .        .    CH3.OH     Relative  toxicity  0.8 

Ethyl        „      .        ■    aH..OH  „  „  I 

Propyl  ,, 

Butyl 

Amyl 

And  again,  we  believe  physical  properties  which  form  a  parallel 
series  with  the  chemical  composition  and  physiological  action 
explain  the  difference  in  toxicity.  No  two  bodies  can  be  more 
closely  related  chemically  than  the  two  hyoscyamines  (optical 
isomers),  yet  some  of  the  most  characteristic  features  m  the  action 
of  the  one  are  almost  entirely  wanting  in  the  other. 

The  following  examples  do  not  so  readily  admit  of  a  physical 

explanation :  •       r  •  1 

Ammonia  and  its  compounds  produce  an  excitation  of  the  spinal 
cord  and  medulla  culminating  in  convulsions,  and  they  also  tend 
to  paralyse  motor  nerve-endings.  If  the  hydrogen  atoms  are 
replaced  by  alkyl  derivatives  the  action  is  changed. 

NH3.H  NH...C,H3  N(C,H,)3 

Ammonia  Ethylamine.  Tri-ethylamme 

(convulsant).  (slightly  convulsant).  (non-convulsant). 

Many  of  the  natural  alkaloids  are  derivatives  of  ammonia,  and  if 
an  alkyl  group  is  linked  on  to  this  nitrogen  the  type  of  action  is 
changed  similarly.  Thus,  to  take  one  example,  strychnium  m  big 
doses  induces  convulsions,  but  methyl-strychnum  paralyses  the 
motor  nerve-endings  like  curare,  and  convulsions  are  not  observed. 
It  suggests  an  entirely  new  action,  but  in  reality  both  the  strych- 
nine, the  methyl-strychnium,  and  curare  which  is  also  an  ammonia 
derivative,  (i)  paralyse  the  motor  nerve-endings  and  (2)  induce  con. 
vulsions.  '  In  the  case  of  the  methyl-strychnium  and  curare  the 


CjHj.OH         „  „  2 

qHg.OH         „  „  3 

C,H^,.OH         „  4 
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convulsions  are  not  observed,  because  they  are  masked  by  the 
paralysis. 

The  nitrites  owe  their  activity  to  the  O  -  N  =  O  group.  This 
group  induces  relaxation  of  plain  muscle  and  converts  oxyhaemo- 
globin  to  methcemoglobin.  Amyl  nitrite  is  a  typical  member  of  the 
group,  but  nitro-pentane,  which  is  an  homologous  substance,  shows 

C,H„ON  =  O  C,H„N<? 
Amyl  nitrite.  Nitro-pentane. 

none  of  the  characteristic  phenomena.  Further  examples  of  this 
type  are  afforded  by  the  cyanides.  The  isocyanides  are  extremely 
toxic,  as  for  example  ordinary  potassium  cyanide,  whilst  the 

R-C=N  R-N=C 
Cyanide  or  nitrile.  Isocyanide. 

nitriles  are  very  much  less  active. 

The  following  two  bodies  show  remarkable  changes  in  activity, 
as  a  result  of  converting  the  sulphur  to  oxygen  atoms. 

/SH  /OH 
C0(  CS( 

Harmless.  Very  toxic. 

Lastly  in  this  series  four  bodies  are  shown  below,  the  physiological 
action  of  which,  in  relation  to  the  structure,  is  very  suggestive : — 

r(CH3)3  ((CH3)3  [(0113)3  f(CH3)3 

N-^OH  WOH  nJO?I  N-^OH 

I^CH^COOH        [cHjOH^OH        [CH^CHO       [CH  =  CH3 
Betaine.  Choline.  Muscarine.  Neurine. 

A  glance  at  these  formulae  shows  that  neurine  is  a  very  unstable 
body,  muscarine  less  so,  choline  is  fairly  stable,  and  betaine  even 
more  so.  As  the  stability  increases,  the  toxic  properties  decrease, 
so  that  neurine  is  much  the  most  toxic,  then  comes  muscarine, 
which  is  also  very  poisonous,  then  choline,  and,  lastly,  betaine,  which 
is  quite  innocuous.  This  group  is  valuable,  because  the  physiological 
action  of  these  bodies  presents  so  many  similarities  and  the  differ- 
ences in  their  action  are  so  decided. 

We  believe  enough  has  been  said  to  show  something  of  the  diffi- 
culty of  this  problem. 


CLASSIFICATION 

Drugs  have  been  classified  in  a  great  variety  of  ways,  chemically, 
botanically,  and  physiologically,  and  even  because  they  possess 
common  physical  pi-operties.  But  no  one  of  these  ways  is  entirely 
satisfactory.  The  botanical  classification  involves  the  association 
of  aloes  and  colchicum,  of  caffeine  and  quinine,  of  orange-peel  and 
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pilocarpus,  none  of  which  have  common  relationships.  A  physio- 
logical classification  is  also  impossible,  because  some  drugs  have 
two  or  more  important  actions,  and  would  have  to  be  ticketed  ,m 
several  places  :  such  a  classification  would  also  mvolve  the  con- 
sideration together  of  widely  different  drugs,  such  as  magnesiuni 
sulphate  and  castor  oil.  A  chemical  classification  is  hkewise  at 
present  impossible,  because  the  chemistry  of  many  of  our  drugs  is 
not  yet  known.  So  we  are  forced  to  make  an  artificial  classifica- 
tion, partaking  both  of  the  chemical  and  physiological.  Thus,  all 
the  bodies  containing  a  benzene  ring  are  described  together  and 
possess  certain  actions  in  common  to  all.  Agam,  the  anthra- 
Quinone  group  of  purgatives  have  a  common  chemical  nucleus  and 
a  similar  action  ;  and  conine  and  nicotine  belong  to  the  same  group 
both  chemicaUy  and  pharmacologically.  The  non-vegetable  nar- 
cotics form  a  group  possessing  no  chemical  similarities,  but  having 
certain  common  physical  properties  which  we  have  already  men- 
tioned and  to  which  their  action  is  due.  The  vegetable  hypnotics, 
on  the  contrary  (opium,  cannabis  indica),  possess  no  chemical  or 
physical  relationship,  but  have  a  common  type  of  action. 


CHAPTER  II 

COMPOSITION  OF  PLANTS 

Materia  Medica  comprises  minerals,  plants,  and  animals.  Vital 
products  of  plants  and  animals  are  not  essentially  different  from 
compounds  which  occur  in  the  mineral  world  ;  many  vital  products 
have  been  sjmthesised,  examples  of  such  being  urea,  the  uric  acid 
bodies,  and  the  sugars. 

The  principal  groups  of  substances  found  in  plants  and  which 
are  employed  in  medicine  are  : 

Carbohydrates. — This  group  includes  starches,  sugars,  inulin 
and  dextrin.  It  also  contains  the  gums  :  these  are  amorphous 
carbohydrates,  which  on  addition  of  water  give  rise  to  a  sticky 
solution  ;  such  are  gum  arable  and  gum  acacia. 

Glucosides  are  bodies  which  either  in  the  presence  of  an  enzyme 
or  when  heated  with  dilute  acid  are  resolved  into  two  or  more  sub- 
stances, one  of  which  is  sugar.  Thus,  the  seeds  of  the  bitter  almond 
contain  the  glucoside  amygdalin,  which  is  decomposed  in  the 
presence  of  water  by  the  enzyme  emulsin. 

C,„H„NO„  +  2H,0  =  2C3H,p,  +  C^H^.CHO  +  HCN 

Amygdalin.  Water.         Dextrose.         Benzaldehyde.  Hydrocyanic 

acid. 

Or,  agam,  sinigrin,  the  crystalline  glucoside  found  in  the  horse- 
radish root,  is  decomposed  by  the  ferment  myrosin,  water  again 
being  necessary  for  the  change. 

C,„H,„NS,KOg  +  H,0  =  C3H3.NSC  +  C.H.jO,  +  KHSO, 

Sinigrin.  Water.    Allyl  isothiocyanite.  Dextrose.     Acid  potassium 

sulphate. 

As  further  examples,  we  have  salicin,  a  crystalline  glucoside  from 
willows  and  poplars,  the  glucosides  from  digitalis  and  other  drugs 
allied  thereto ;  and  arbutin,  which  is  decomposed  by  the  fungus 

OH 

/\ 

aspergiUus  with  the  liberation  of  quinol. 

\/ 
OH 

Saponin  is  the  name  given  to  a  group  of  bodies,  generally  gluco- 
sides, which  froth  when  mixed  with  water  and  possess  the  general 
formula  C„H„,_sO,„.  Inquillaia  bark  two  such  bodies,  "sapotoxin  " 
and  "  quillaic  acid,"  are  present,  and  are  identical  with  two  other 
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substances  present  in  senega  root.  It  is  probable  that  most  saponins 
contain  the  quinol  complex. 

Fixed  Oils  and  Fats  are  non-volatile  compounds  of  fatty  acids 
and  glycerine.    The  more  common  fats  are  : — 

C3H,(C,3H3,0,)3  C,U^{C,s^M  C3H,(C„H330,)3 

Palmitin.  Stearin.  Olein. 

Volatile  or  essential  Oils  give  the  characteristic  odour  and  taste 
to  plants.  They  are  complex  mixtures  of  various  substances,  the 
three  most  important  members  being  termed  pinene,  camphene, 
and  limonene,  and  are  classed  together  as  the  terpenes  (C^oHie). 
The  terpenes  are  closely  related  to  cymene,  a  body  which  is  found 
in  some  of  these  oils,  for  example,  in  oil  of  eucalyptus. 

CH3\^^/CH3 


CH3 
Cymene. 

Stearoptenes  are  crystaUine  oxidised  hydrocarbons,  or  sohd  volatile 
oils.  There  are  three  in  the  Pharmacopoeia,  camphor,  menthol, 
and  thymol. 

CH,  CH  CH, 


CH3— C— CH3 


CH, 


-C- 


-CO 


CH3 
Camphor. 

Resins  are  complex  mixtures  insoluble  in  water,  but  soluble  in 
alcohol.  When  they  are  dissolved  in  essential  oils  they  form 
oleo-resins,  such  as  copaiba  and  turpentine,  and  when  with  gums, 
gum-resins,  ammoniacum,  asafoetida,  galbanum  and  myrrh.  Pine 
resin  is  the  residue  which  is  left  after  distilhng  the  volatile  oil  from 
turpentine  ;  it  contains  nearly  go  per  cent,  of  the  anhydride  oi. 
abietic  acid.  All  resins  are  insoluble  in  water,  but  are  soluble 
in  alkalies  and  spirit!  Typical  resins  are  those  of  guaiacum,  jalap, 
scammony  and  podophyllum. 

Tannins  are  a  large  group  of  bodies  possessing  a  benzene  nucleus  : 
they  have  an  astringent  taste,  and  combine  with  proteids  and  gela- 
tine, forming  an  insoluble  compound,  leather.  They  are  all  more 
or  less  soluble  in  water  and  alcohol,  and  precipitate  alkaloids  from 
solution.  They  form  a  characteristic  dark  blue  or  black  colour 
with  iron  salts  (ink).  The  tannins  are  easily  broken  up,  some  yield- 
ing glucose  and  others  resinous  substances  or  pyrocatechin.  Many 
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of  the  tannins — for  example,  those  from  kino  catechu  and  horse- 
chestnut — contain  the  pliloro-glucin  complex. 

OH 


OH 


OH 


Tannic  acid  from  oak-galls  is  not  a  glucoside  but  a  condensation 
product  of  two  molecules  of  gallic  acid.    Hydrolysis  is  readily 
produced  by  boihng  with  a  little  acid,  thus  : — 
40H)3 


COO  H 
OH 


Hp  ^*^6^-'\(.QQpj 


(OH)3 


\(0H)3 
XOOH 
Tannin. 


Gallic  acid. 

Alkaloids  are  basic  organic  substances,  usually  vegetable  in  origin, 
and  having  an  alkahne  reaction  ;  like  alkahes  they  combine  with 
acids  to  form  salts.  The  pure  alkaloid  is  usually  insoluble  in  water, 
but  is  soluble  in  such  solvents  as  chloroform,  ether  or  petroleum.' 
The  salts  of  the  alkaloids  are,  on  the  contrary,  quite  soluble  in 
water  or  alcohol. 

Leucomaines  and  ptomaines  or  animal  alkaloids  possess  many 
chemical  and  physiological  properties  similar  to  the  vegetable  alka- 
loids ;  they  may  be  formed  either  normally  as  a  vital  physiological 
process,  as  adrenalin  and  creatinine,  or  as  the  results  of  putrefaction, 
as  cadaverine.  Sometimes  they  are  responsible  for  poisoning  by 
food  :  for  example,  decomposition  of  cheese,  milk  or  cream  gives 
rise  to  a  poison  tyrotoxicon  (diazo-benzene  butyrate).  Many  of  the 
vegetable  alkaloids  possess  a  pyridine  or  quinohne  nucleus. 

The  following  may  be  regarded  as  examples  of  alkaloids  : — 
H  H 

H  ^\  H     H  /\  H  /\ 


H 


H     H  .     .  H.CgHy 


NH 
Piueridine. 

(  (CH,)^ 
N-^  OH 

[CH,CHO 


Muscarine. 


NH  NH.COCH3 
Coniine.  Phenacetine. 
-     NH,  NH 

Oh,  II 
CH, 

Oh., 
Oh, 

NH, 

Pulrescine 
(decomposition  of  animal 
matter). 


N 

Quinoline. 


C— NH, 
I 

N— CH, 
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CH,— COOH 
Kreatine 
(in  normal  muscle). 
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Proteids— Several  proteids  of  animal  origin  are  poisonous,  such, 
for  example,  as  the  snake  venoms.  Like  other  proteids  they  are 
destroyed  by  ferments,  and  are,  therefore,  harmless  when  taken  by 

the  mouth.  •       j    u  • 

In  plants  we  have  somewhat  allied  substances  in  ncm  and  abrm, 
which  are  extremely  poisonous  and  are  obtained  from  the  castor- 
oil  seed  and  jequirity  bean  respectively. 

Neutral  Principles  are  bodies  having  a  comphcated  chemical 
constitution,  an  action  resembling  that  of  the  alkaloids,  and  not 
giving  the  ordinary  alkaloidal  reactions.  Such  are  elaterin  and 
chrysarobin. 

Other  Substances.— Besides  the  bodies  named  plants  contam  other 
substances  of  little  medicinal  value,  such  as  the  various  colouring 
matters,  bitter  principles  whose  only  physiological  action  is  the 
bitter  taste,  alcohols,  acids,  aldehydes,  &c. 

PREPARATIONS  USED  IN  MEDICINE 

The  Pharmacopoeia  contains  a  list  of  the  preparations  of  the 
various  crude  drugs,  as  well  as  their  method  of  preparation.  The 
physician  of  the  past  used  many  drugs  in  his  prescriptions,  all 
mixed  up  together  and  forming  a  mass  of  organic  matter,  the  effect 
of  which  it  would  be  almost  impossible  to  foresee.  To-day  the 
physician  is  content  to  use  one  or  two  at  a  time. 

Crude  drugs  are  employed  still  when  the  pure  active  constituent 
might  be  advantageously  substituted.  The  action  of  strychnine 
is  clearly  defined,  its  solubihty  and  rate  of  absorption  have  been 
accurately  determined,  whereas  of  nux  vomica,  the  crude  bean, 
from  which  strychnine  is  obtained,  little  is  known  ;  its  rate  of 
absorption  has  not  been  examined,  and  the  effect  of  the  other  in- 
gredients are  not  clearly  determined.  If  we  prescribe  this  drug  we 
cannot  tell  how  much  brucine  we  are  giving,  for  the  ratio  of  strych- 
nine to  brucine  may  vary  as  much  as  from  3  :  i  and  i  :  2  respec- 
tively. 

The  only  scientific  procedure  is  to  prescribe  the  alkaloid,  and  all 
the  preparations  containing  nux  vomica  might  with  advantage  be 
eliminated  from  the  Pharmacopceia.  This  is  only  one  example  of 
many  cases  where  crude  drugs  are  still  employed,  and  in  which  a 
pure  alkaloid  might  be  substituted  with  every  advantage. 

The  principal  solvents  employed  in  the  Pharmacopoeia  are  the 
following  : — 

(1)  Water. — As  in  the  waters,  liquors,  infusions,  decoctions, 
mixtures  and  syrups. 

(2)  yl/co/jo/.— Advantageous  for  resins,  volatile  oils,  gluco- 
sides,  alkaloids  and  neutral  principles.  Such  preparations 
keep  indefinitely,  and  are,  therefore,  different  from  decoctions 
and  infusions,  which  should  be  prepared  fresh.  Alcoholic 
preparations  are  the  tinctures,  spirits,  wines,  and  some  of  the 
liquors. 
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(3)  Glycerine. 

(4)  Collodium. 

(5)  Olive  oil. 

The  following  are  the  methods  of  preparing  the  crude  drugs  in  a 
suitable  form  for  administration  :  — 

Aquae. — Prepared  by  distilling  the  drug  with  water  and  preserv- 
ing the  distillate.  Aq.  camphorge  and  Aq.  chloroformi  are,  however, 
obtained  by  simple  solution.  Their  dose  is  i  to  2  oz.  or  more. 
Aq.  laurocerasi  is  an  exception,  and  its  dose  is  only  up  to  2  dr., 
since  it  contains  o.i  per  cent,  hydrocyanic  acid. 

The  following  are  official : — 

Anethi  (dill  water),  aniseed  (anisi  water),  aurantii  floris  (orange-flower 
water),  camphoras  (camphor  water),  carui  (caraway  water),  chloroformi 
(chloroform  water),  cinnamomi  (cinnamon  water),  destillata  (distilled 
water),  foeniculi  (fennel  water),  laurocerasi  (cherry-laurel  water), 
mentha;  piperitas  (peppermint  water),  menthag  viridis  (spearmint  water), 
pimentas  (pimento  water),  rosae  (rose  water),  sambuci  (elder-flower 
water). 

Decocta.- -Decoctions  are  preparations  obtained  by  boiling 
the  drugs  in  a  suitable  state  of  di-vision  with  distilled  water  in  a 
covered  vessel  for  a  fixed  time,  generally  about  ten  mhiutes,  and 
then  straining.    Dose  |  to  2  ozs. 

Decoctum  aloes  co.,  decoctum  granati  corticis  (pomegranate  bark), 
decoctum  haematoxyU  (logwood). 

Infusa. — Infusions  are  obtained  by  macerating  the  prepared 
drug  with  distilled  water  and  straining.  The  time  of  maceration 
and  the  temperature  of  the  water  varies.  Dose  J  to  i  oz.  Infusion 
of  digitalis  2  to  4  drs.  Infusions  of  ergot,  lupulus,  and  scoparium 
may  be  given  up  to  2  oz.    The  following  are  official : — 

Aurantii  (orange  peel),  aurantii  co.,  buchu,  calumbae,  caryophylU 
(cloves),  chiratae,  cinchonse  acidum,  cusparise,  digitalis,  ergotas,  gentianse 
CO.,  krameriae,  lupuli  (hops),  quassias,  rhei  (rhubarb),  rosae  acidum, 
scoparii  (broom),  senegas,  sennae,  serpentariae,  uvas  ursi  (bearberry). 

Tinctura. — Tinctures  are  preparations  obtained  by  dissolving 
out  the  constituents  of  a  crude  drug  by  alcohol.  For  this  purpose 
two  strengths  of  alcohol  are  employed  in  the  British  Pharmacopoeia. 
Rectified  spirit,  84  per  cent,  alcohol  by  weight,  and  proof  spirit, 
49  per  cent,  by  weight. 

Some  tinctures  are  prepared  by  a  simple  solution  of  the  drug  in 
spirit,  others  by  maceration  only,  and  others  again  by  maceration 
with  a  portion  of  the  alcohol  for  forty-eight  hours,  followed  by  perco- 
lation with  the  remainder. 

The  following  are  official  : — 

Aconiti,  aloes,  arnicas,  asafetida;,  aurantii,  belladonnas  (0.05  per  cent, 
alkaloid),  benzoini  co.,  buchu,  cannabis  indica;  (Indian  hemp),  can- 
tharidis,  capsici,  cardamomi  co.,  cascarillae,  catechu,  chirata;,  chloro- 
formi ct  morphincB  co.,  cimicifugas,  cinchonas  (i  per  cent,  alkaloid). 
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cinchona  CO.  (0.5  per  cent,  alkaloid),  cinnamomi,  cocci,  ^^l^l^i^i;;"^;;;;;";' 
conii.  croci,  cubeb^e,  digitalis,  ergots  ammomata.  fern  P^rd.  °nd^ 
gelsemii,  gentiana.  co.,  guaiaci  ammomata,  hamamchdis,  Hydrastis, 
hyoscyami,  iodi,  jaborandi,  jalaps  (i-S  per  cent  jalap  resm)  kmo 
limeriee,  lavandute  cc,  limonis,  lobelia  etherea,  lupuh,  "^y-h^'-^J^J 
vomica.  (0.2s  per  cent,  strychnine),  opii  (0.7S  per  ^^f^"  "^°^P^^^J^'3 
ammoniata, -podophylU,  pruni  virginiana.,  pyrethn  (not  ^  be  takenj, 
quassia,  quillaia..  quinina.,  quinina.  ammomata,  rhei  co.,  f^^]^^-'^^^^^' 
senn^e  co!,  serpentaria..  strammonii,  strophanthi,  sumbul,  tolutana, 
Valerianae  ammoniata,  zingiberis. 

Spiritus.-Spirits  are  mostly  solutions  of  volatile  oils  in  rectified 
spirit.    They  are  : — 

Etheris  etheris  co.,  etheris  nitrosi,  ammoniae  aromaticus,  ammoniae 
fetidus,  akisi,  armoracis  co.,  cajuputi,  camphora.,  chloroformi  cmna- 
momi,  jnniperi,  lavandute,  menthae  piperita.,  myristicse,  rectificatus, 
rosmarini,  vini  galUci  (brandy). 

Viira.— Wines  resemble  tinctures  in  their  mode  of  preparation, 
but  sherry  or  orange  wine  is  substituted  for  alcohol.  The  Phar- 
macopoeia contains  eight : — 

Antimoniale,  aurantii,  colchici,  ferri,  ferri  citratis,  ipecacuanha 
(o.i  per  cent,  alkaloid),  quininae,  xericum  (sherry). 

Succi  consist  of  the  juices  expressed  from  fresh  plants  and  pre- 
served by  adding  rectified  spirit.    The  following  six  are  official  :— 
Belladonnce,  conu,  hyoscyami,  limonis,  scoparii,  taraxaci. 
They  are  supposed  to  represent  the  active  constituent  of  the  drug, 
unimpaired  by  chemical  change  the  result  of  manipulation.  They 
necessarily  vary  considerably  in  activity. 

Linimenta  are  preparations  which  have  an  oily,  soapy,  or 
alcohoUc  basis,  and  are  intended  for  external  apphcation  accom- 
panied by  friction  : — 

Aconiti,  ammonis,  belladonna,  calcis.  camphorae,  camphor^  ammo- 
niatum,  chloroformi,  crotonis,  hydrargyri,  opii,  potassu  lodidi  cum 
sapone.  saponis,  sinapis,  terebintliinae,  terebinthinae  aceticum. 

Misturs  (Mixtures)  are  preparations  in  a  smtable  form  for 
administration,  and  having  a  dose  of  i  to  2  oz.    The  foUowmg  are 

official  : —  .  . 

Ammoniaci,  amygdalae,  creosoti,  cretae,  ferri  co.,  guaiaci,  olei  ncim, 
sennse  co.,  spiritus  vini  gallici. 

Liquors  are  solutions  of  different  chemical  substances  in  water. 
Many  are  prepared  by  complex  processes.  The  following  are 
those  which  are  official : — 

Acid,  chromici  (used  externally),  ammonite  (used  externally),  ammo- 
nia fortis  (used  externally),  ammonii  acetatis,  ammonu  citrat.s,  arscni- 
calis  arscnici  hydrochloricus,  arsenii  et  hydrg.  iod.,  atropin;e  sulphatis, 
bism'uthi  ct  ammon.  cit.,  calcis,  calcis  chlorinatae,  calcis  saccharatus. 
calumbs  cone,  caoutchouc  (used  externally),  chiratae  cone,  cuspanae 
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cone,  epispasticus  (used  externally),  ethyl  nitritis,  ferri  acctatis,  ferri 
perchloridi,  ferri  perchloridi  fortis,  ferri  pernitratis,  ferri  persulphatis, 
hamamelidis  (used  externally),  hydrargyri  nit.  acidus  (used  externally)! 
hydrargyri  perchloridi.  hydrogenii  peroxidi,  iodi  fortis  (used  externally), 
krameriae  cone,  magnesii  carbonatis,  morphine  acetatis,  morphina} 
hydrochloridi,  morphinas  tartratis,  pancreatis,  picis  carbonis  (used  ex- 
ternally), plumbi  subacetatis  fortis  (used  externally),  plumbi  subacetatis 
dilutus  (used  externally),  potassae,  potassii  permanganatis,  quassice 
cone,  rhei  cone,  sarsse  co.  cone,  senegas  cone,  sennas  cone,  serpentarise 
cone,  sodae  chlorinatae,  sodii  arsenatis,  sodii  ethylatis  (used  externally), 
strychninae  hydrochloridi,  thyroidei,  trinitrini,  zinci  chloridi  (used  ex- 
ternalty). 

Extracta  may  be  solid  or  liquid.  Solid  extracta  are  prepared 
by  exhausting  the  drug  by  maceration  or  percolation  with  a 
suitable  menstraum,  the  bulk  of  which  is  subsequently  removed  by 
evaporation.  In  the  case  of  fluid  extracts  the  evaporation  is  not 
carried  so  far  and  rectified  spirit  is  added  to  preserve  the  fluid 
from  decomposition. 

Liquid  Extracts : — 

Belladonnae  Hq.  (0.75  per  cent,  alkaloids),  cascars  sagradje  Hq., 
cimicifugas  Hq.,  cinchonas  liq.  (5  per  cent,  alkaloids),  coca;  liq.,  ergotae 
Uq.,  fihcis  hq.,  glycyrrhizas  hq.,  hamamehdis  hq.,  hydrastis  hq..  ipeca- 
cuanhas hq.  (2  to  2.25  per  cent,  alkaloids),  jaborandi  hq.,  nucis  vomica; 
hq.  (1.5  per  cent,  strychnine),  opii  hq.  (0.7  to  0.8  per  cent,  morphine), 
pareirae  hq.,  sarsas  liq.,  taraxaci  hq. 

Solid  or  Semi-solid  Extracts  : — 

Aloes  barbadensis,  anthemidis,  beUadonnae  alcohohcum  (i  per  cent, 
alkaloid),  beUadonnae  viride,  cannabis  indies,  cascarje  sagrads,  col- 
chici,  colocynthidis  co.,ergotas,  euonymi  siccum,  gentianje,  glycjrrr'hizce, 
hyoscyami  viride,  jalapas,  kramerias,  nucis  vomicae  (5  per  cent,  strych- 
nine), opu  (20  per  cent,  morpliine),  physostigmatis,  rhei.  stramonii, 
strophanthi,  taraxaci. 

Mella,  or  preparations  of  honey.    They  are  : — 
Mel  depuratum,  mel  boracis,  oxymel,  oxymel  scillae. 

Lotiones  are  hquid  preparations  for  external  use.  Two  are 
official  : — 

Lotio  hydrargyri  fiava,  lotio  hydrarg3n:i  nigra. 

Pulveres,  powders.  Prepared  by  mixing  ingredients  and  passing 
them  through  a  fine  sieve.  Dose  variable,  generally  up  to  about  40 
grains : — 

Amygdalas  co.,  antimonialis  (dose  3  to  6),  catechu  co.  (dose  10  to  40), 
cmnamomi  co.  (dose  10  to  40),  cretas  aromaticus  (dose  10  to  60),  cretce 
aromat.  c.  opio  (dose  10  to  40),  elaterini  co.  (dose  i  to  4),  glycyrrhiz^ 
CO.  (dose  60  to  120),  ipecacuanhee  co.  (dose  5  to  15),  jalaps  co.  (dose  20 
to  60),  kmo  CO.  (dose  5  to  20),  opu  co.  (dose  2  to  10),  rhei  co.  (dose  20 
to  60),  scammomi  co.  (dose  10  to  20),  sods  tart,  eflferves.  (dose  108) 
tragacanths  co.  (dose  20  to  60).  j 
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Pilulse  (pills).— The  constituents  are  well  mixed  together  in  a 
mortar;  then  kneaded  into  a  firm  mass  with  a  suitable  excipient, 
and  made  into  the  size  and  form  desired  by  a  pill  machine,  ihe 
following  are  official : — 

\loes  barbadensis,  aloes  et  asafet,  aloes  et  ferri,  aloes  et  myrrhs, 
aloes  socotrins,  cambogiEe  co.,  colocynth.  co.,  colocynth.  et  hyoscyami, 
ferri,  galbani  co.,  hvdrargyri,  hydrarg.  subchlor.  co.,  ipecacuanhse  c. 
scilla,  pliosphori,  plumbi  c.  opio,  quininae  sulphatis,  rhei  co.,  saponis 
CO.,  scammonii  co.,  scillae  co. 

Olea  —Oils  are  of  two  kinds  :— (i)  The  fixed,  composed  chiefly 
of  esters  of  certain  fatty  acids  and  obtained  by  expression ;  and 
(2)  the  volatile  or  essential  oils,  composed  chiefly  of  substances 
belonging  to  the  benzene  series,  and  are  the  products  of  distillation. 
Dose  1  to  3  m.  unless  otherwise  stated.    The  official  oils  are  :— 

Amygdalae,  anethi,  anisi,  anthemidis,  cadinum,  cajuputi,  carui, 
caryophylli,  cinnamomi,  copaibae,  coriandri,  crotonis  (dose  ^  to  im.). 
cubebse  (dose  5  to  20m.),  eucalypti,  juniperi,  lavandulae,  limoms,  Um 
menthae  piperitae,  menthae  viridis,  morrhnae,  myristicae,  olivae,  phosphor- 
atum  (dose  i  to  sm.),  pimentae,  pini,  ricini,  rosae,  rosmarini,  santali 
(dose  5  to  30  m.),  sinapis  volatile,  terebintliinae  (dose  2  to  10  m.;  3  to  4 
drs.  as  anthelmintic),  theobromatis. 

Mucilagines  are  watery  solutions  of  a  gum.    Two  are  official  :— 

Mucilago  acaciae  and  mucilago  tragacanthae. 

Unguenta.— Ointments  are  preparations  having  a  fatty  basis 
and  intended  for  external  apphcation.  The  bases  generally  employed 
in  the  British  Pharmacopoeia  are  : — 

(1)  Paraffin,  a  mixture  of  hard  and  soft. 

(2)  Lard,  which  is  more  readily  absorbed  by  the  skin  than 
paraffin. 

(3)  Wool-fat,  perhaps  the  most  readily  absorbed. 
The  following  ointments  are  official  : — 

Acidi  borici,  acidi  carbolici,  acidi  saHcylici,  aconitinae,  aquae  rosae, 
atropina;.  belladonnae,  cantharidis,  capsici,  cetacei,  chrysarobini, 
cocaine,  conii,  creosoti,  eucalypti,  gallae,  galte  cum  opio,  glycermi 
plumbi  subacetatis,  hamamelidis,  iodi,  iodoformi,  paraffim,  picis 
liquids,  plumbi  acetatis,  plumbi  carbonatis,  plumbi  iodidi,  potassii 
iodidi,  resins,  staphisagris,  sulphuris,  sulphuris  iodidi,  veratrinae, 
zinci,  zinci  oleatis.    There  are  also  ten  mercurial  ointments. 

Emplastra  are  solid  adhesive  applications  for  external  use. 
Those  in  the  Pharmacopoeia  are  :— 

Ammoniaci  cum  hydrargyro,  belladonnae,  califaciens,  cantharidis, 
hydrargyri,  menthol,  opii,  picis,  plumbi,  plumbi  iodidi,  resins,  saponis. 

Glycerina— Solutions  of  various  drugs  in  glycerine.  The 
official  glycerina  are  : — 

Acidi  borici,  acidi  carbolici.  acidi  tannic!,  aluminis.  amyli,  boracis, 
pepsini.  plumbi  subacetatis,  tragacanths. 
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Injectio  Hypodermicae. — Fluid  preparations  for  the  purpose  of 
injection.  The  vehicle  is  boiled  and  cooled  before  the  drug  is  dis- 
solved.   The  following  four  are  official : — 

Apomorphinae  (dose  5  to  10  m.),  cocainae  (dose  2  to  sm.),  ergotae 
(dose  3  to  lom.),  morphinae  (dose  2  to  5  m.). 

Syrupi  consist  of  a  strong  solution  of  refined  sugar  in  distilled 
water.  The  medicinal  agent  is  generally  added  in  a  state  of  solu- 
tion. Their  value  consists  in  their  being  palatable,  and  the  fact 
that  the  sugar  behaves  as  a  preservative  and  retards  chemical 
changes.  The  dose  averages  a  drachm.  The  following  syrups  are 
official  : — 

Syrupus,  aromaticus,  aurantii,  aurantii  floris,  qalcii  lactophosphatis. 
cascarae  aromaticus,  chloral  (i  in  6),  codeinae  (i  in  240),  ferri  iodidi, 
ferri  phosph.,  ferri  phosphatis  cum  quinina  et  strychnina  (i,  4,  and 
grs.  respectively  of  each),  glucosi,  hemidesmi,  limonis,  pruni  virginianae, 
rhei,  rhoeados,  rosae,  scillae,  sennse,  tolutanus,  zingiberis. 

Suppositoria. — Solid  bodies  having  a  conical  shape  and  weighing 
about  15  grs.  intended  for  introduction  into  the  rectum.  They 
generally  have  a  basis  of  theobroma  (cocoa  fat).  The  following  are 
official  : — 

Acidi  carbolici  (i  gr.).  acidi  tannic!  (3  grs.),  belladonnae  (i^  grs.), 
glycerini  (70  per  cent.),  iodoformi  (3  grs.),  morphinag  (i  gr.),  plumbi  co. 
(3  grs.  and  i  gr.  opium). 

Confectiones  are  preparations  having  a  basis  of  sugar  or  honey 
of  the  consistence  of  a  thick  paste.  Dose  60  to  120  grs.  The  follow- 
ing confections  are  official  : — ■ 

Piperis,  rosae  gallicae,  sennae,  sulphuris. 

Enemata  are  fluid  preparations  for  injection  into  the  rectum. 
They  resemble  the  mistura  in  their  mode  of  preparation. 
Tabellae  (tablets).    Only  one  preparation  is  official  : — 

Tabellae  trinitrini  (tablets  of  chocolate  each  weighing  5  grs.,  containing 
yi Q-  gr.  of  trinitroglycerin  of  commerce). 

Charta  (paper)  : — Charta  sinapis. 

Collodia. — Pyroxylin  dissolved  in  a  mixture  of  ether  and 
alcohol  : — 

Collodium,  coUodium  flexile,  collodium  vesicans  (contains  blistering 
liquid). 

Trochisci  (lozenges)  are  prepared  by  incorporating  the  medicinal 
agent  with  refined  sugar  and  powdered  gum  acacia,  and  heating  in 
an  oven.  They  are  principally  used  in  diseases  of  the  mouth  and 
pharynx  and  for  children.  The  following  are  official ;  the  figures 
refer  to  the  amount  of  active  ingredients  in  each  : — 

Acidi  benzoici  (i  gr.),  acidi  carbolici  (i  gr.),  acidi  tannici  gr.), 
bismuthi  co.  (2  grs.),  catechu  (i  gr.),  eucalypti  gummi  (i  gr.),  ferri 
redact!  (i  gr.),  guaiaci  resin2e  (3  grs.),  ipecacuanhas  (|  gr.).  krameriae 
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(I  .v.),  krameri^  (i  gr.)  et  cocaina^  (^V  g^-  ^'"'^'''^  hydrochloride) 
morphine  (,V  gr-),  morphine  and  ipecac.  (^V  and  ^  gr.  respectively  , 
potassii  chloratis  (3  grs.),  santonini  (i  gr.),  sodu  bicarbonate  (3  grs.), 
sulphuris  (5  grs.). 

Emplastra  are  solid  adhesive  applications  for  external  use. 
They  are  used  for  support  or  for  applying  remedies  externally. 
The  following  emplastra  are  official  : — 

Ammoniaci  cum  hydrargvro,  benadonnse  (0.5  per  cent,  alkaloids), 
calefaciens  (i  in  24),  cantharidis  (i  in  3),  hydrargyn,  menthol,  opu 
(I  in  10),  picis,  plumbi,  plumbi  iodidi,  resin£E  (adhesive  plaster),  saponis. 

Patent  Medicines  should,  according  to  the  law,  comply  with 
two  requirements:  First,  they  should  be  an  original  invention ; 
and,  secondly,  a  complete  description  of  them  must  be  filed  at  the 
Patent  Office  so  as  to  be  accessible  to  the  public. 

It  need  hardly  be  pointed  out  that  the  majority  of  the  so-called 
patent  medicines  are  not  so  in  the  legal  sense:  they  would  be 
better  defined  as  secret  remedies. 

The  following  list  gives  the  ingredients  of  some  of  these  pre- 
parations : — 

Aperient  and  Liver  Pills 
Beecham's  Pills.— Aloes,  ginger,  and  soap. 

Bile  Beaws.— Cascara,  rhubarb,  Uquorice,  and  oil  of  peppermint, 

coated  with  gelatin.  ,   1,  u 

Cockle's  Pills  and  Barclay's  Pills.— Aloes,  colocynth,  and  rhubarb. 
Carter's  Little  Liver  Pz7/s.— PodophylUn      gr.),  and  aloes  soc.  (3  gr.), 

in  each  pill. 

Holloway's  Pills.— Aloes,  rhubarb,  saffron,  Glauber  s  salts,  and  pepper. 
Scott's  Pills.— Aloin  and  cascara,  with  a  soap  basis. 

Saline  Aperients 
Eno's  Fruit  Salts.— Bic3,Th.  soda,  tartaric  acid,  and  citric  acid. 
Lamplough's  Pyretic  Saline.— Citric  acid  with  bicarbonate  of  potas- 
sium and  sodium. 

Cough  Mixtures  and  Lozenges 

Heating's  Cough  Lozenges.— Iv^ca^c,    lactucaria,    squill,  liquorice, 

tragacanth,  and  sugar.  .  j    •,  x 

Owbridge's  Lung  Tomzc— Balsam  of  tolu,  oil  of  aniseed,  and  oil  oi 

cloves. 

Preparations  for  Gout  and  Rheumatism 
Eade's  Pi7/s.— Salicylate  of  sodium,  guaiacum,  and  aloes. 
Blair's  Gout  Pills.— The  active  ingredient  is  colchicum. 

Preparations  for  Headache  and  Neuralgia 
Antikamnia.—Bicarh.  of  sodium,  antifebrin.  and  caffeine. 
Bromidia.-Bromide  of  potassium,  chloral,  hyoscyamus,  cannabis 
indica.  oil  of  aniseed,  syrup  and  water. 
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Preparations  for  Asthma 

Crevoisier's. — Belladonna,  foxglove,  stramonium,  sage,  and  nitrate  of 
potassium  in  equal  parts. 

Plant's  Cigarettes. — Leaves  of  stramonium,  lobelia,  and  green  tea. 

Miscellaneous  Preparations 

Dean's  [Back-ache)  Pills. — (i)  White-coated  aperient  (dinner  pills)  : 
Podophyllin,  aloin,  rhubarb,  and  peppermint.  (2)  Brown-coated  (back- 
ache pills) :  Oil  of  juniper  and  a  resinous  constituent  (?  benzoin). 

Guy's  Tonic. — Phosphoric  acid,  tinct.  cochineal,  inf.  of  gentian,  and 
chloroform  water. 

Chlorodym.—ODlovQiorm.,  ether,  hydrocyanic  acid,  morphine,  can- 
nabis indica,  capsicum,  peppermint,  and  treacle. 

Clarke's  Blood  Mixture. — The  active  constituent  is  iodide  of  potassium 
(about  6  grs.  to  the  ounce.) 

Pink  Pi7/5.— Sulphate  of  iron,  an  alkaline  carbonate,  and  liquorice, 
thickly  coated  with  sugar,  and  coloured  with  carmine. 

Phosferine. — Quinine,  phosphates,  and  hypophosphites. 

Seigel's  Syrup.~A\oes,  capsicum,  liquorice,  and  treacle. 

Steedman's  Teething  Powders. — Calomel  and  starch. 

Grey's  Specific. —Contains  47.2  per  cent,  of  free  sulphur,  and  a  bitter 
(?  gentian). 

Frost's  Anti-Obesity  Remedy. — The  active  ingredient  is  extract  of 
fucus  vesiculosus.  (Hutchison.) 

Incompatibility. — Certain  remedies  may  not  be  prescribed 
together  either  for  chemical,  pharmacological,  or  physical  reasons. 
As  regards  the  first,  a  sufficient  knowledge  of  chemistry  should  have 
been  attained  to  avoid  errors  of  this  type.  Examples  of  chemical 
incompatibility  are  : — 

(1)  Precipitation  as  by  prescribing  together  sodium  carbonate 
and  sulphate  of  iron. 

(2)  Decomposition  by  acids  or  alkalies  such  as 

Na^COj  +  2HCI  =  2NaCl  +  CO,  +  H,0. 
(NHJ.CO,  +  2KHO  =  K,CO,,  +  2H,0  V2NH3 

(3)  Precipitation  of  alkaloids  as  by  adding  sodium  carbonate 
to  a  solution  of  morphine. 

(4)  The  liberation  of  free  iodine  as  with  potassium  iodide  and 
nitrous  ether. 

(5)  Tannin  and  iron. 

It  is  better  to  prescribe  potassium  permanganate,  potassium 
iodide,  tannic  acid  and  mercuric  chloride  alone.  Physical  incom- 
patibles  are  such  mixtures  as  olive  oil  and  water  or  magnesium 
sulphate  and  an  excess  of  alkaline  tincture. 

STANDARDISATION  OF  DRUGS 

The  plants  used  in  medicine  cannot  always  be  grown  under  the 
same  conditions.    The  soil,  season,  gathering  time,  drainage,  are 
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a  few  of  the  variables  :  and  it  could  hardly  be  anticipated  that  the 
amount  of  active  constituent  found,  say,  in  the  leaf  of  a  plant 
would  be  constant  under  all  these  conditions.    It  is  found  that 
the  percentage  of  active  constituent  varies  greatly,  and  without 
any  corresponding  variation  in  the  appearance  of  the  plant,  i^or 
this  reason  it  was  decided  to  standardise  drugs.    It  was  first  sug- 
gested that  this  should  be  done  by  estimating  the  total  extractive 
matter  which  could  be  obtained  with  some  definite  solvent.  _  ihis 
method  was  found  useless  since  the  percentage  of  active  principle 
to  extractive  shows  the  widest  variations  ;   consequently  it  was 
decided  that  the  active  principle  must  be  determined.    The  Phar- 
macopoeia demands  that  certain  preparations  of  opium,  belladonna 
nux  vomica,  and  cinchona  shall  contain  a  certain  percentage  ot 
total  alkaloid,  and  that  ipecacuanha,  jalap,  and  cherry-laurel  water 
shall  have  their  active  constituents  standardised.    Now  this  is 
certainly  a  move  in  the  right  direction,  but  more  remains  to  be  done. 
Two  examples  will  explain  this  :  Opium,  a  sleep  inducing  substance, 
is  required  by  the  British  Pharmacopoeia  to  contain  about  lo  per 
cent  morphine;  but  this  drug  also  contains  other  alkaloids,  and 
particularly  narcotine,  which  may  be  present  in  any  amount  from 
2  to  10  per  cent.    Now  narcotine  tends  to  produce  convulsions,  and 
in  certain  preparations  and  conditions  its  effects  may  overshadow 
those  of  the  morphine.    All  such  difhculties  may  be  avoided  by 
prescribing  the  active  principle  instead  of  the  crude  preparation 
of  the  plant.    It  is  tme  that  a  few  authorities  stiU  assert  that  the 
whole  action  of  the  plant  is  not  represented  by  any  one  active 
constituent ;  and  this  is  no  doubt  true ;  but  it  must  be  remembered 
that  we  know  in  most  cases  the  pharmacology  of  the  active  con- 
stituent but  not  of  the  crude  drug.    How  the  wax,  oil,  fat,  resin 
and  tannin,  &c.,  affect  the  absorption  and  otherwise  influence  the 
action  of  the  drug  it  is  impossible  to  say.    As  time  goes  on  we  shall 
find  that  these  crude  preparations  will  tend  more  and  more  to 
drop  out  from  practical  therapeutics,  and  in  their  place  the  pure 
crystalline  alkaloids  will  be  substituted.    This  has  already  been 
accompUshed  for  some  drugs  ;  quinine,  for  example,  almost  entirely 
supersedes  the  employment  of  cinchona  bark. 

There  are  several  drugs,  particularly  those  containing  glucosides, 
which  it  is  impracticable  to  standardise  by  the  ordinary  methods 
on  account  of  the  difaculty  or  impossibility  of  preparing  an  active 
principle  ;  yet  these  are  at  least  as  important  in  medicine  as  those 
which  are  standardised.  It  has  been  shown,  for  example,  that  the 
strength  of  various  samples  of  digitalis  (foxglove)  varies  enormously, 
and  the  different  so-called  active  principles  extracted  from  the 
plant  vary  even  more  than  the  crude  preparations.  Some  of  these 
principles  are  very  poisonous  and  some  entirely  inactive,  so  that 
they  require  standardising  much  more  than  the  crude  preparations  ; 
and,  of  course,  the  total  amount  of  glucoside  present  m  a  specimen 
is  of  no  value  as  an  indication  of  its  activity. 

c 
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It  is  extremely  important  that  these  drugs  should  be  standardised, 
and  so  a  new  method  of  effecting  this  has  been  introduced,  namely, 
to  measure  their  activity  on  animals.  What  pharmacology  already 
owes  to  experiments  on  animals  has  been  pointed  out  as  well  as 
the  fact  that  the  type  of  action  of  any  one  drug  having  a  specific 
effect  is  the  same  in  all  the  mammaha.  So  it  has  been  suggested 
that  ergot,  digitalis,  strophanthus,  squill  and  Indian  hemp  should 
be  assayed  by  this  method.  Of  course,  it  is  not  suggested  that  a 
dose  determined  for  an  animal  should  be  at  once  referable  to  man 
by  a  simple  proportion,  viz.,  the  relative  weights  of  the  man  and 
animal.  But  a  simple  relationship  between  the  dose  necessary  to 
affect  an  animal  and  a  man  respectively  having  been  once  estimated, 
in  all  future  experiments  the  animal  simply  serves  as  a  test  by  means 
of  which  the  activity  of  the  drug  is  determined.  It  is  not  justifiable 
to  determine  the  activity  of,  say,  a  digitalis  preparation  on  a  patient, 
so  that  standardisation  on  animals  is  the  only  method  which  is 
open  to  us.  The  method  is  not  so  unusual  as  it  may  at  first  appear, 
for  the  British  Pharmacopoeia  suggests  as  one  of  the  tests  for 
atropine  its  instillation  into  the  conjunctiva.  Further,  who  would 
care  to  employ  an  antitoxin  of  unknown  strength  ?  It  is  just  as 
essential  to  standardise  digitalis  as  it  is  to  standardise  antitoxin. 

The  preparations  of  digitalis,  strophanthus  and  squill,  which 
are  all  members  of  a  group  of  drugs  which  have  a  specific  affinity 
for  cardiac  muscle,  may  be  standardised  in  a  variety  of  ways. 
First,  they  may  be  tried  on  the  frog's  heart  :  for  this  purpose  all 
kinds  of  precautions  are  necessary  ;  there  must  be  no  abnormal 
conditions  such  as  spawning,  the  frog  should  be  of  a  definite  size, 
and  the  drug  must  be  given  always  under  precisely  the  same  con- 
ditions. This  method  is  sufficiently  accurate.  These  drags  may 
be  standardised  more  accurately  by  perfusing  the  isolated  rabbit's 
heart  with  Ringer's  solution,  and  subsequently  adding  the  drag. 

Ergot  affords  another  example  of  a  drug  which  it  is  absolutely 
necessary  to  standardise.  Fowls  form  a  sensitive  reagent  for  this 
purpose,  as  after  a  certain  amount  of  the  drag  the  comb  and  wattles 
become  gangrenous  and  drop  off.  Indian  hemp  may  be  mentioned 
as  a  last  example.  The  active  constituent  of  this  drag  varies 
enormously  with  the  place  in  which  the  plant  is  grown,  the  season, 
the  time  it  has  been  kept,  exposure,  while  many  of  the  specimens 
on  the  market  are  valueless.  It  is  best  assayed  by  injecting  the 
preparation  into  either  dogs  or  cats.  The  animals  after  initial 
stimulation  become  narcotised. 

The  Pharmacopoeia  directs  that  the  following  drugs  be  stan- 
dardised : — 

Extractum  opii  (20  per  cent,  morphine),  extractum  opii  liquidum 
(0.75  per  cent,  morphine),  tinctura  opii  (0.75  per  cent,  morphine), 
extractum  nucis  vomicas  (5  per  cent,  stiychnine),  extractum  nucis 
vomicae  liquidum  (1.5  per  cent,  strychnine),  tinctura  nucis  vomicae 
(0.25  per  cent,  strychnine),  extractum  belladonnas  alcoholicum  (i  per 
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cent,  total  alkaloid),  extractiim  belladonnai  liquidum  (0.75  per  cent, 
total  alkaloid),  tinctura  belladonnse  (0.05  per  cent,  total  alkaloid), 
cinplastnun  belladonna;  (0.5  per  cent,  total  alkaloid),  linimcntum 
belladonna  (0.37  per  cent,  total  alkaloid),  unguentum  belladonnse 
(0.6  per  cent,  total  alkaloid),  extractum  cinchon^E  liquidum  (5  percent, 
total  alkaloid),  tinctura  cinchonas  (i  per  cent,  total  alkaloid),  tinctura 
cinchona;  composita  (0.5  per  cent,  total  alkaloid),  acetum  ipecacuanha; 
(o.i  per  cent,  total  alkaloid),  extractum  ipecacuanha  Uquidum  (2.0 
to  2.5  per  cent,  total  alkaloid),  vinum  ipecacuanhas  (o.i  per  cent,  total 
alkaloid),  aqua  laurocerasi  (0.1  per  cent.  HCN).  tinctura  jalaps  (1.5 
per  cent,  jalap  resin). 

THE  MODE  OF  ADMINISTRATION  OF  DRUGS 

The  action  of  a  drug  may  vary  considerably  according  to  the 
method  in  which  it  is  administered.  Adrenahn  taken  by  the  mouth 
has  a  local  action  on  the  stomach  only,  but  injected  intravenously 
it  produces  an  enormous  rise  in  the  blood -pressure  :  a  dose  of 
saponin  which  is  hai-mless  when  given  by  the  mouth,  gives  rise  to 
poisonous  symptoms  if  injected  under  the  skin. 

Drugs  are  used  for  their  local  action  principally  on  the  skin,  eye, 
the  mucous  membranes  of  the  alimentary,  respiratory  and  genito- 
urinary tracts.  Poultices,  plasters,  bhsters,  ointments,  collodia, 
caustics  are  used  to  produce  a  direct  local  action  on  the  skin. 
Gargles  and  lozenges  are  employed  for  their  local  effect  on  the 
pharynx  and  tonsils  ;  but  it  is  necessary  to  remember  that  garghng 
does  not  affect  the  tonsils  directly,  since  the  fluid  used  does  not 
come  in  contact  with  them.  The  respiratory  tract  may  be  in- 
fluenced locally  by  the  inhalation  of  vapours.  Injections  are 
employed  for  their  local  effect  on  the  genito-urinary  tract  and  on 
the  nose.  The  eye  is  especially  the  organ  which  calls  for  local 
treatment  sometimes  for  the  purely  local  action  of  the  dmg,  as, 
for  example,  the  use  of  mercury  as  a  disinfectant,  and  sometimes 
for  the  special  action  of  the  drug  on  the  pupil  after  local  absorption. 
And,  lastly,  drugs  may  be  applied  to  the  rectum  in  the  form  of  a 
suppository  or  enema  either  for  their  local  action  or  for  absorption 
into  the  system. 

Drugs  are  used  in  a  variety  of  ways  to  produce  a  general  effect. 
The  usual  method  of  prescribing  them  is  by  the  mouth,  but  even  by 
this  method  they  are  sometimes  employed  for  their  local  action  on 
the  stomach,  for  example,  bismuth  and  emetics  ;  or  for  their  local 
action  on  the  intestines  (vegetable  purges).  They  are,  however, 
generally  given  by  the  mouth  to  produce  their  specific  effects  after 
absorption. 

Hypodermic  Injection.— This  method  of  employing  drugs  is 
also  occasionally  used  for  their  local  action ;  cocaine,  for  example, 
may  be  injected  to  produce  local  anaesthesia  before  conducting 
minor  operations. 

The  method  has  the  objection  that  it  may  be  painful  if  an 
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irritant  substance  is  used.  But  its  advantages  are  great,  since  the 
absorption  of  all  the  drug  is  ensured  ;  at  the  same  time,  the  effect 
is  obtained  more  quickly,  although  it  does  not  last  so  long  as  if  the 
drug  is  given  by  the  mouth.  A  further  advantage  is  that  local 
action  on  the  alimentary  canal  is  avoided.  The  fluid  to  be  injected 
should  be  free  from  micro-organisms  and  non-irritant,  and  the  dose 
about  half  that  given  by  the  mouth. 

Intravenous  Injection. — Drugs  administered  in  this  way 
immediately  become  active,  and  their  maximum  effect  is  attained  a 
few  seconds  after  injection.  The  drug,  as  a  rule,  is  also  excreted 
rapidly,  so  that  the  action  is  powerful  but  short ;  it  may  be  em- 
ployed, for  example,  during  a  paroxysm  of  malaria  when  quinine  is 
injected  to  abort  the  attack.  All  drugs  do  not  produce  their  effects 
immediately  after  injection  into  the  blood.  This  holds  true  for 
the  metals  as  a  whole,  for  colchicine  and  for  toxins  and  antitoxins. 
An  explanation  of  this  delayed  action  will  be  considered  later. 

Rectum. — Drugs  are  often  administered  by  the  rectum  for 
absorption  into  the  system,  especially  when  it  is  desired  to  avoid  a 
local  effect  on  the  stomach  ;  this  is  not  infrequently  the  case  with 
morphine. 

Some  drugs  of  a  volatile  nature — for  example,  chloroform,  ether 
and  amyl  nitrite,  oxygen  and  nitrous  oxide — are  usually  administered 
by  inhalation  to  produce  their  specific  effects. 

ABSORPTION 

Most  drugs  are  given  with  the  object  that  they  may  be  absorbed 
into  the  blood-stream  and  so  give  rise  to  their  specific  effects. 
Drugs  may  be  applied  to  the  skin  with  this  object;  but  here,  in 
order  that  the  drug  may  be  absorbed,  it  must  pass  through  either  a 
sebaceous  or  sweat  gland,  since  absorption  through  the  horny 
epithelium  is  impossible.  Now  the  cutaneous  glands  are  filled  with 
fatty  material  to  which  water  is  impervious,  and  hence  the  drug, 
which  it  is  desired  should  be  absorbed,  must  be  dissolved  either  in 
fatty  substances  or  in  alcohol,  all  of  which  find  their  way  through  the 
fat :  hence,  cod  liver  oil,  if  rubbed  into  the  skin,  produces  its  ordinary 
effect.  Inunctions  of  this  type  are  also  used  for  mercury,  as  by 
this  means  the  direct  action  of  the  metal  on  the  stomach  and  intes- 
tines is  avoided.  In  the  same  way,  alkaloids  and  other  active 
substances,  provided  they  are  dissolved  in  oily  preparations,  may 
be  absorbed  through  the  skin,  as  by  this  means  they  come  into 
contact  with  the  living  bioplasm  of  the  glands,  by  which  they  are 
taken  up  into  the  system. 

When  drugs  are  applied  to  the  conjunctiva  of  one  eye  they 
diffuse  and  are  absorbed  locally,  and  affect  the  physiological  mecha- 
nism of  this  eye  to  a  very  decided  degree.  By  the  time  the  drug 
has  been  absorbed  into  the  general  circulation  it  is  so  diluted  as  to 
produce  little  or  no  effect  on  the  opposite  eye.    It  is  known  that  if 


ABSORPTION  37 

strychnine  is  injected  subcutaneously  in  the  region  of  the  temple 
it  affects  the  eye  of  the  same  side  (increasing  the  acuteness  and 
enlarging  the  field  of  vision)  before  that  of  the  opposite  side.  And 
it  can  be  shown  by  chemical  tests  that  such  substances  as  potassium 
iodide,  sodium  salicylate,  or  potassium  ferrocyanide,  when  injected 
into  the  temporal  region  of  an  ansesthetised  dog,  find  their  way  into 
the  orbital  cavity  of  the  near  eye  several  minutes  before  they  can  be 
detected  in  the  opposite  eye.  The  drug  must,  therefore,  be  conducted 
at  first  by  local  diffusion  not  by  the  blood-current. 

An  obsolete  method  for  promoting  absorption  of  drugs  from  the 
skin  is  known  as  the  endermic.  It  consists  in  first  removing  the 
epithelium  with  a  blister  and  then  applying  the  drug. 

When  dmgs  are  administered  by  the  mouth  they  are  absorbed 
principally  by  the  upper  portion  of  the  small  intestine,  the  stomach 
and  oesophagus  being  almost  inert  in  this  respect.  An  experiment 
to  show  the  relative  amount  of  a  drug  absorbed  in  different  parts 
of  the  alimentary  canal  may  be  made  by  injecting  a  known  quantity 
of  a  drug,  whose  symptoms  are  easily  recognised,  such,  for  example, 
as  strychnine,  which  produces  convulsions,  into  ligatured  portions 
of  the  alimentary  tract  of  an  anaesthetised  animal.  The  time 
between  this  injection  and  the  onset  of  convulsions  represents, 
roughly,  the  time  of  absorption  of  a  definite  quantity  of  the  drug. 
The  following  table  shows  the  results  so  obtained : — 

Stomach.    Injection      grs.  strychnine.    Convulsions  in  30  minutes. 
Small  intestine  ,,  ,,  •• 

QEsophagus       ,,  ,,  ..  "  "    5°  •• 

Colon  ..  ■■  "  ^4 

Rectum  ,,  "  "  ^ 

So  that  the  isolated  rectum  absorbs  at  least  as  well  as  the  small 
intestine. 

From  the  stomach  most  drugs  under  ordinary  conditions  are 
absorbed  very  slowly,  but  some,  particularly  alcohol,  are  taken  into 
the  system  rapidly.  Alcohol  is  not  only  absorbed  rapidly,  but  it 
decidedly  accelerates  the  absorption  of  other  bodies  dissolved  in  it. 

The  absorption  from  both  the  stomach  and  intestines  is  in- 
fluenced by  the  amount  of  food  present.  In  some  cases  the  food 
enters  into  combination  with  the  drug  :  this,  for  example,  is  the 
case  with  tannin,  which  combines  with  some  of  the  albumen  in 
the  food  and  forms  an  insoluble  tannate  of  albumen,  a  body  analo- 
gous to  leather,  whereas,  if  the  stomach  is  quite  empty,  the  tannin 
may  produce  an  irritant  effect  on  the  epithelium,  and  even  penetrate 
the  superficial  part  of  the  cells,  inducing  vomiting.  Absorption 
also  depends  on  the  form  in  which  the  drug  is 'administered  :  the 
gums  and  resins  in  tinctures  and  extracts  tend  to  prevent  absorption. 
After  the  administration  of  such  preparations  absorption  may  be 
delayed  for  so  long  a  time  that  the  active  constituent,  or  a  large 
amount  of  it,  which,  when  administered  alone  is  rapidly  absorbed. 
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is  excreted  through  the  faeces  unchanged  without  passing  into 
the  circulation.  Volatihty  is  another  factor  which  influences 
absorption.  For  example,  the  volatile  oils  are  the  better  antiseptics 
because  their  volatile  properties  allow  them  to  enter  the  substance 
of  bacteria  the  more  readily.  The  great  rapidity  with  which 
hydrocyanic  acid  gets  into  the  system  is  largely  dependent  on 
volatility. 

Most  drugs  on  reaching  the  blood  exert  their  specific  effects 
immediately  on  some  special  tissue,  but  there  are  a  few  exceptions, 
such  as  the  toxins.  As  a  special  example,  tetanus  toxin  may  be 
mentioned  ;  this  is  absorbed  by  the  cells  of  the  central  nervous 
system  byway  of  the  peripheral  nerve-trunks  independently  of  the 
paths  of  blood  and  lymph.  Tetanus  toxin  circulating  in  the  blood 
has  no  immediate  action  on  the  nerve-cells.  The  neurones  are 
protected  from  the  poison,  and  the  toxin  can  only  reach  them  by 
the  long  path  of  the  axis  cyhnder  process  after  its  absorption  at  the 
motor  nerve-endings  in  the  muscle. 

Finally,  it  must  be  remembered  that  very  many  drugs  are  either 
not  absorbed  at  all  or  only  in  minute  amounts.  Of  the  metals, 
the  only  two  which  are  at  all  readily  absorbed  are  those  which  are 
volatile  (arsenic  and  mercury),  and  the  absorption  of  the  others 
is  so  slow  that  weeks  or  months  of  ingestion  may  be  required  to 
induce  poisoning.  An  injection  into  the  circulation  of  equal 
amounts  of  arsenic  and  iron  is  attended  with  almost  equally 
serious  results.  The  difference  in  toxicity  is  largely  a  question  of 
absorption,  and  arsenic  and  mercury  are  more  poisonous  than  the 
other  metals  because  they  are  more  easily  absorbed.  Again,  the 
saponins,  a  group  of  drugs  used  to  excite  expectoration,  are  not 
absorbed,  and  their  action  is  mainly  due  to  some  irritation  of  the 
alimentary  canal  which  induces  reflex  effects  on  the  respiratory 
tract.  Yet  if  saponins  are  injected  into  the  circulation  they  produce 
serious  symptoms.  Purgative  drugs  should  not  be  absorbed,  and, 
indeed,  this  is  one  essential  of  an  ideal  purgative. 


CHAPTER  III 


ALCOHOL 

ABSOLUTE  alcohol  consists  of  ethyl  "'d^.  WH  ^h^^^^^ 
Tint  contam  m(?re  than  i  per  cent,  by  weight  ot  water  ine 
amormt  of  alcohol  present  m  the  more  common  beverages  is  shown 
in  the  following  table  : — 


Brandy 

Sherrj'^ 

Claret 

Public-house  beer 
Pilsener  lager 


35  to  50  per  cent. 
12  to  18  ., 
10 

5 

3-3 


The  percentage  in  spirits  (brandy,  whisky  and  rum)  is  fixed 
by  the  law  in  this  country  at  25  per  cent,  under  proof  z...,  about 
36  per  cent,  alcohol.    Beer  is  a  fermented  sugar  infusion  con- 
?airfing  a  bitter.    The  best  material  for  fermentation  is  malt, 
but  gLose  prepared  from  rice  or  potato  is  often  used.  Hops 
form  the  best  bitter.    Wines  are  produced  by  the  ferrnentation 
of  Trape  luice   and  the  alcohol  so  formed  never  exceeds  13  per 
c  nf    a     he  growth  of  the  yeast  is  then  arrested.    During  the 
maturing  of  the  wine  by  age  mixed  ethers  are  formed  which  modify 
The  aSlon  of  the  alcoh'ol.'  Brandy  is  obtained  ^^^f^^^^ 
of  wine,  and  it  necessarily  contains  a  greater  °/^f^^f^'' 
more  volatile  ethers.    Cheap  brandy  is  often  rnade  by  flavouring 
Tain  Ipirit     Gin  is  grain  spirit  to  which  oil  of  juniper,  coriander 
feeds  Tc    are  added^  and  the  whole  then  redistilled.    Whisky  is 
d      ied  from  fermented  potatoes  or  grain.    When  ^^^^^^YJ^^^^^ 
it  often  contains  deleterious  substances  such  as  fusel  oil,  which 
gradually  disappear  with  age. 

Alcohol  is  prepared  by  fermenting  grape  sugar  with  yeast. 


C,H,„0,,  =  2C,HpH   +  2CO, 
Glucose.         Alcohol.  Carbon 

dioxide. 


This  change  is  brought  about  by  a  non-organised  ferment  "  zymase,'' 
whlch'tn  be  ^  by  preLre  from  the  yeast  eel  s  and  which 

is  analogous  to  the  various  ferments  which,  in  late  yeais,  have  been 
PYtrnrt-pfl  from  intra-cellular  juices. 

Ex  na  -The  action  of  alcohol  on  the  skin  depends  upon  i) 
its  volaUhty,  and  (2)  its  power  of  absorbing  water  and  pi^^^^^^^^^^^ 
ting  proteids.    As  a  result  of  the  former  action  the  part  to  which 
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it  is  applied  is  cooled,  and  as  a  result  of  the  latter  hardening  of  the 
tissues  is  induced.  If  it  is  applied  to  the  skin  and  prevented  from 
evaporating  or  if  it  is  rubbed  into  the  skin  there  is  a  rubefacient 
effect,  i.e.,  local  vaso-dilatation.  Alcohol  is  also  employed  as  an 
antiseptic. 

Sodium  Ethylate  (C,HjONa),  a  body  prepared  from  alcohol,  is 
used  as  a  mild  caustic  for  warts  and  small  growths. 

Action  on  the  Mouth  and  Stomach. — Alcohol  even  up  to  5 
per  cent,  does  not  influence  the  digestive  power  of  ferments  outside 
the  body.  Larger  amounts  have  a  retarding  action.  By  the 
direct  contact  of  alcohol  with  the  mouth  a  slight  stimulation  of 
sahvary  secretion  is  brought  about,  which  is  characterised  by  a 
greater  digestive  power  over  farinaceous  food  than  ordinary  saliva  : 
the  effect  is  reflex,  and  only  obtained  by  direct  contact  of  the  alcohol 
with  the  buccal  mucous  membrane  and  not  by  circulating  alcohol. 

Alcohol  augments  the  flow  of  gastric  juice  ;  this  is  produced 
mainly  by  the  direct  local  action  of  the  drug  on  the  gastric  mucous 
membrane,  but  not  entirely  since  the  flow  is  still  augmented  a  little 
if  the  alcohol  is  absorbed  from  the  small  intestine.  The  difference 
between  the  action  of  alcohol  and  food  on  the  stomach  should  be 
carefully  distinguished.  The  former  simply  augments  the  flow 
of  juice,  and  does  not  induce  the  cells  to  secrete  an  active  ferment. 
For  example,  supposing  alcohol  were  administered  during  starva- 
tion when  the  gastric  cells  were  free  from  pepsin,  the  resultant 
juice,  though  containing  an  abundance  of  hydrochloric  acid,  does 
not  convert  proteids  into  peptones. 

Alcohol  in  small  amounts  slightly  accelerates  the  digestion  of 
proteids.  It  is  very  rapidly  absorbed  from  the  stomach.  For 
example,  200  c.c.  of  a  37  per  cent,  solution  of  alcohol  was  placed 
in  the  stomach  of  a  dog  in  which  the  pylorus  had  been  ligatured  ; 
absorption  was  complete  in  about  three  hours.  Alcohol  hastens 
the  absorption  of  bodies  which  are  administered  dissolved  in  it, 
and  this  property  is  occasionally  made  use  of  in  the  administration 
of  drugs.  The  flow  of  pancreatic  juice  is  somewhat  increased  as  a 
result  of  the  augmented  flow  of  hydrochloric  acid  from  the  stomach 
which  converts  the  pro-secretin  in  the  cells  of  the  upper  part  of 
the  small  intestine  into  secretin ;  the  latter  is  absorbed  and  excites 
the  pancreas. 

Action  on  the  Central  Nervous  System. — Alcohol  even  in 
small  doses  has  a  pronounced  action  on  the  central  nervous  S3?stem. 
It  gives  rise  to  a  general  feeling  of  weU-being,  with  a  lack  of  regard 
for  scruples ;  and  the  consequences  of  action  are  apt  to  be  left  un- 
considered. The  subject  becomes  more  reflex,  more  self-confident, 
and  is  rendered  less  shy.  At  the  same  time  he  exhibits  less  self- 
control,  and  the  emotional  side  of  his  character  becomes  very 
pronounced;  for  example,  the  jovial  man|becomes  hilarious,  the 
choleric  pugnacious,  and  the  melancholic  lachrymose.  People 
so  influenced  exhibit  an  excess  of  motor  energy,  all  their  move- 
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ments  seem  to  be  more  lively  but  to  lack  their  natural  dignity. 
The  patient  is  convinced  of  the  briUiancy  of  his  thoughts  and  ex- 
pressions ;  he  is  no  longer  at  a  loss  for  words,  and  is  ready  to  give 
his  views  on  all  subjects.  This  "  briUiancy  "  is,  however  a  self- 
deception,  the  observant  onlooker  notes  that  expressions  and  words 
are  ill-chosen,  and  that  the  sparkling  conversation  will  not  bear 
analysis.  Nevertheless,  these  effects  have,  naturally  enough,  given 
rise  to  the  popular  conception  that  alcohol  is  a  valuable  cerebral 

stimulant.  .  ^  i  4.;„ 

With  large  amounts  of  alcohol  there  is  a  second  or  paralytic 
stage  in  which  the  psychical  phenomena  become  more  pronounced 
and  all  the  sensations  blunted  ;  speech  is  thick  and  muttering, 
and  the  movements  ungainly.  This  condition  is  followed  by  stupor 
and  sleep,  which  gradually  pass  into  unconsciousness and  coma, 
death  ensuing  from  respiratory  paralysis. 

^  Mode  of  Action.— Beiove  considering  the  mode  ofWion  it  is 
necessary,  in  the  first  place,  to  be  perfectly  clear  that  ^Whol  excitj^ 
certain  parts  of  the  central  nervous  system.  ThisTs  shown  by 
the  fact  that  after  a  small  dose  certain  mental  operations  are 
shortened*  Simple  reaction  time  is  at  first  quickened,  simple 
mental  associations,  such  as  making  words  to  rhyme,  are  performed 
more  rapidly,  and  some  elementary  efforts,  such  as  reading  in  a 
whisper,  are  facilitated.  Further,  small  differences  m  weights,  as 
shown  by  Jacob] ,^.are  estimated  more  accurately ;  and  besides  these, 
evidence  has  already  been  given  to  show  that  the  motor  area  of 
the  cortex  is  in  a  condition  of  hyperexcitability. 

The  facts  which  we  have  set  forth  here  may  be  explained  m  one 
of  two  ways.  The  first  theory  may  be  regarded  as  that  of  Bmz 
who  believes  that  alcohol  first  stimulates  the  nerve-cells  m  the  central 
nervous  system,  and  later  depresses  them.  He  draws  attention 
to  all  the  facts  which  we  have  mentioned  already,  and  further  gives 
some  evidence  of  stimulation  of  the  medulla,  which  will  be  con- 
sidered under  respiration.  ,     ,    ,  . 

The  second  theory  is  that  of  Schmiedeberg.  His  school  claims 
that  alcohol  does  not  exert  any  direct  stimulant  action  on  the  central 
nervous  system,  but  that  on  the  contrary  it  depresses  from  the 
beginning  The  depression  follows  an  evolutionary  order  picking 
out  those  centres  first  which  are  developed  last ;  thus  the  finer 
degrees  of  attention,  judgment  and  perception  are  among  the  first 
to  go  So  the  depression  follows  the  inverse  order  of  evolution  until 
at  last  the  medulla  is  paralysed  :  this  process  is  spoken  of  as  dis-  _ 
solution.  The  stimulation  effects,  already  described,  are  accounted 
for  in  this  theory  by  the  depression  of  the  inhibitory  centres.  The 
man  becomes  more  reflex,  loses  his  fear  of  consequences,  his  shyness 
and  self-control.    We  have  an  explanation  .of  "Dutch  courage, 

*  Greater  brevity  of  cerebral  time  is  here  assumed  to  be  the  result  of 
stimulation 
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and  the  "brilliance"  of  the  after-dinner  speaker.  The  motor  ex- 
citement can  be  explained  in  the  same  manner. 

The  direct  evidence  in  support  of  this  theory  is  almost  over- 
whelming, and  all  points  to  the  fact  that  small  quantities  of  alcohol 
do  not  increase  the  quantity  or  vigour  of  mental  opinions  but 
tend  to  lessen  the  power  of  clear  and  consecutive  reasoning. 

It  has  been  shown  by  many  observers  that  attention,  judgment 
and  the  higher  mental  processes  are  retarded  at  once  by  even 
small  amounts  of  alcohol.  Thus  Kraepelin  showed  that  whilst 
simple  motor  processes  are  at  first  accelerated,  psychical  processes, 
such  as  arithmetical  problems  or  reaction  times  involving  choice, 
are  never  facilitated. 

Ach  studied  the  influence  of  alcohol  on  perception.  He 
caused  a  person  to  read  through  a  small  slit  a  continuous  series 
of  meaningless  syllables  written  on  a  revolving  drum,  and  showed 
that  one  ounce  of  alcohol  greatly  reduced  his  perception. 
Aschaffenberg  experimented  with  four  compositors  ;  they  were 
all  moderate  drinkers  but  one,  who  occasionally  drank  to  excess. 
This  occupation  is  one  requiring  skilled  muscular  movements 
and  a  considerable  amount  of  cerebral  work.  Their  ordinary 
work  was  repeatedly  measured  and  an  average  obtained.  The 
administration  of  moderate  doses  of  alcohol  diminished  the  output 
and  injured  the  quality  of  the  work,  the  bad  effects  being  shown 
especially  in  the  second  quarter  of  an  hour.  Reis  found  that  the 
mean  error  of  the  eye  in  the  measurement  of  distance  was  in- 
creased after  alcohol.  Further  evidence  of  a  similar  character 
could  be  given,  all  pointing  to  the  same  fact,  that  even  small  doses 
of  alcohol  do  not  stimulate  the  highest  cerebral  centres  at  any  time, 
but  on  the  contrary  depress  them.  Whether  this  fact  is  sufficient 
to  account  for  the  stimulation  of  the  lower  centres,  or  whether 
there  is  a  direct  stimulation  of  these  centres  as  suggested  byBinz, 
we  have  no  means  of  absolutely  determining  at  present. 

Finally,  alcohol  and  allied  drugs  give  rise  to  a  condition  bearing 
a  strong  resemblance  to  the  dissolution  of  insanity.  Just  as  evolu- 
tion is  the  building  up  from  the  most  simple  to  the  most  complex, 
so  dissolution  is  the  breaking  down  from  the  most  complex  to  the 
most  simple,  and  in  the  insane  the  symptoms,  hallucinations,  &c., 
are  the  outcome  of  activity  of  nervous  elements  left  uncontrolled 
by  higher  centres.  So  with  both  alcohol  and  insanity  the  latest 
developed  centres  are  the  first  to  go.  Both  classes  become  more 
emotional  and  more  easily  excited  ;  later  they  lose  their  voluntary 
control,  and  finally  develop  stupor.  This  ]:)rocess  illustrates  the 
law  of  dissolution. 

Circulatory  System. — That  alcohol  is  a  circulatory  stimulant  is 
popularly  sujiposed  to  require  no  proof,  hut  so  much  controversy 
has  been  occasioned  that  we  describe  the  effect  in  some  detail. 

For  this  purpose  the  action  will  be  considered  under  four  headings  : 
— (i)  pulse-rate,  (2)  heart,  (3)  peripheral  vessels,  (4)  blood-pressure. 
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The  pulse-rate  is  influenced  by  three  factors  which  should  be 
ehminated  before  we  have  a  right  to  assert  that  alcohol  by  a  direct 
action  alters  the  rate  of  the  heart.  First,  excitement  in  any  form 
quickens  the  heart-beat,  and  as  large  doses  of  alcohol  are  apt  to  mduce 
excitement  the  experiments  must  be  undertaken  under  condi- 
tions in  which  the  patient  can  be  kept  free  from  all  disturbing  in- 
fluences. Secondly,  any  form  of  peripheral  irritation  quickens 
the  heart,  and  gastric  irritation,  which  can  be  induced  by  strong 
alcohol,  has  the  same  effect.  This  error  is  avoided  by  seeing  that 
the  alcohol  is  well  diluted.  Thirdly,  cardiac  acceleration  may  be 
induced  by  any  substance  which  lowers  the  blood-pressure.  We 
shall  see  presently  that  this  last  suggestion  is  not  applicable,  at 
least,  as  far  as  moderate  doses  of  alcohol  are  concerned,  for  the 
blood-pressure  does  not  fall. 

When  alcohol  is  administered  in  small  doses  to  those  not  ad- 
dicted to  the  drug,  and  with  due  regard  to  the  precautions  mentioned, 
some  shght  acceleration  ensues.  If  very  big  doses  of  alcohol  obtain 
sudden  access  to  the  circulation  the  heart  becomes  decidedly  slower. 
This  effect  is  due  to  an  action  on  the  medulla,  for  it  cannot  be  ob- 
tained if  the  vagi  are  first  severed. 

On  the  heart  alcohol  has  a  small  but  definite  stimulant  action. 
This  is  best  shown  on  the  isolated  heart  perfused  through  the 
coronary  vessels  by  the  method  of  Langendorff.  The  addition  of 
a  minute  amount  of  alcohol  (o  .01  to  o .  i  per  cent.)  to  the  circulating 
fluid  causes  a  greater  force  of  contraction,  which  is  quite  evident 
though  in  no  way  comparable  with  that  produced  by  the  cardiac 
tonics.  The  same  effect  can  be  demonstrated  on  the  pithed  animal 
by  measuring  the  outflow  of  blood  from  the  heart  before  and  after 
the  administration  of  alcohol.  This  is  done  by  recording  the  change 
in  the  volume  of  the  heart  with  a  cardiometer;  for  a  successful 
experiment  no  other  substance,  such  as  chloroform,  should  have 
been  previously  administered. 

The  vessels  of  the  body  are  not  much  affected  by  alcohol. 
It  is  true  the  superficial  vessels  are  dilated  considerably,  and 
the  warm  glow  and  flushed  face  after  taking  alcohol  is  the 
result  of  this  effect.  But  the  superficial  vessels  do  not  behave 
quite  in  the  same  way  as  the  internal  vessels  ;  atropine  dilates 
the  former  and  constricts  the  latter,  and  yet  both  effects  are 
due  to  some  central  action.  Alcohol  at  first  tends  to  constrict 
the  ordinary  systemic  vessels.  This  action  is  partially  central, 
for  we  know  that  the  medulla  directly  or  indirectly  is  excited  ; 
but  it  is  also  peripheral,  because  perfusion  either  through  the 
limb  or  intestinal  vessels  with  a  fluid  containing  alcohol  always 
constricts  the  vessels  at  first.  Large  doses  of  alcohol  dilate  all 
the  vessels  throughout  tlie  body. 

The  hlood-presstire  rises,  and  one  reason  so  many  pcoiilc  have 
asserted  the  contrary  is  because  their  experiments  were  vitiated 
by  the  use  of  an  ansesthetic.    A  typical  effect  on  blood-pressure  is 
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shown  in  Fig.  i ;  the  animal  in  this  case  had  had  its  -reW  ^em^^ 
spheres  destroyed  but  had  received  no  anaesthetic  The  increased 
pressure  S  due  to  vaso-constriction,  both  central  and  peripheral 
in  origin,  and  to  the  increased  cardiac  output 

Alcohol,  then,  has  some  title  to  the  term  circulatory  stimulant 
It  rnay  p  oduce  its  direct  action  on  the  heart  either  by  a  direct 
stiiTlatFon  of  the  cardiac  muscle  or  by  providing  it  with  an  easily 

assimilable  source  of  energy.  ,    ,    ^  f  r..r.rlpr^fp 

Temoerature.-Alcohol  lowers  the  body  temperature,  moderate 
dosesTom  i  to  3  oz.  causing  a  fall  of  about  half  a  degree  centigrade. 
This  must  be  produced  in  one  of  two  ways  either  by  mcreasmg 
the  heat  loss  or  diminishing  heat  formation.  The  formation  of 
heat  remains  almost  unchanged  with  smaU  doses  ;  an  exaggerated 
ehmination  is  the  principle  factor  here  concerned,  the  dilatation  ot 
the  skin  vessels  allowing  an  excessive  loss  of  heat.  It  is  wrong, 
therefore,  to  take  alcohol  before  going  out  into  the  cold.  If  taken 
at  all  it  should  be  in  a  warm  room  after  exposure  to  cold  so  that 
the  vascular  glow  may  not  be  the  means  of  inducing  a  fall  in  tem- 

^Threvil  effects  of  alcohol  before  exposure  to  a  lower  tempera- 
ture have  been  demonstrated  on  animals.  A  number  of  small 
mammalia,  some  of  which  had  received  a  dose  of  alcohol,  were 
exposed  to  severe  cold,  and  it  was  found  that  the  animals  which 
had  received  alcohol  invariably  succumbed  first.       _       ^    ,    ,  1 

Action  on  Voluntary  Muscle.— If  a  small  injection  of  alcohol 
is  made  into  the  lymph  sac  of  a  frog,  a  slightly  increased  amount 
of  work  can  be  obtained  from  the  isolated  nerve-muscle  prepara- 
tion as  compared  with  the  work  from  the  same  muscle  in  the  oppo- 
site lee  which  has  been  kept  free  from  the  drug. 

In  man  many  experiments  have  been  made  with  the  ergograph; 
these  on  the  whole  go  to  show  that  during  the  first  ten  or  fifteen 
minutes  after  taking  alcohol  the  muscular  work  is  mcreased  shghtly 
but  that  after  this  time  it  is  somewhat  less  than  normal,  the  total 
effect  being  unfavourable.  Schnyder  has  shown  recently  that  during 
starvation  alcohol  increases  the  working  power  of  muscle,  but  to  a 
less  degree  than  other  food-stuffs  of  equal  energy-value  Experi- 
ments made  with  soldiers  while  marching  similarly  tend  to  show 
that  although  they  march  better  for  the  first  few  minutes  the 
total  effect  is  unfavourable. 

As  far  as  man  is  concerned  there  is  no  reason  to  suppose  alcohol 
has  any  direct  action  on  striped  muscle.  The, effect  can  be  ex- 
plained by  its  action  on  the  central  nervous  system,  and  in  the 
starved  individual,  probably  by  its  food- value.  .    ^  , 

Respiration.— Binz  claims  that  alcohol  has  a  direct  effect  on 
the  respiratory  centre.    He  says  that  alcoholic  beverages  have  a 
decided  though  shght  stimulating  action,  and  that  the  effect  is 
particularly  striking  with  wines  of  rich  bouquet  and  with  brandy. 
A  large  mass  of  evidence  makes  it  quite  clear  that  small  doses  of 


46  A  MANUAL  OF  PHARMACOLOGY 

alcohol  increase  the  oxygen  absorption  by  about  3.5  per  cent., 
and  increase  the  carbonic  acid  by  about  4.5  per  cent.  But  whether 
this  action  depends  on  direct  medullary  excitation  is  another 
question.  Jaquet,  for  example,  whilst  agreeing  with  the  results 
of  Binz,  says  they  are  due  to  gastric  irritation.  He  claims  to  have 
obtamed  a  similar  effect  by  the  administration  of  an  aqueous  ex- 
tract of  mustard,  and  states  that  the  administration  of  morphine 
m  small  doses  obliterates  the  effect  of  both  alcohol  and  mustard 
by  depressmg  the  excitability  of  the  mucous  membrane.  It  cannot 
be  accepted,  however,  that  alcohol  produces  an  effect  on  the  stomach 
m  any  way  comparable  as  regards  local  irritation  with  that  of 
mustard,  and  the  use  of  morphine  is  not  legitimate  in  this  experi- 
ment smce  It  has  a  decided  depressant  effect  on  respiration,  and 
no  action  on  sensory  nerve-endings. 

The  most  probable  explanation  of  the  stimulant  action  of  al- 
cohol on  respiration  is  that  it  is  due  to  an  indirect  effect.  Alcohol 
causes  an  increased  loss  of  heat  from  the  surface  of  the  body,  and, 
therefore,  heat  production  is  augmented  to  make  good  the  loss— 
the  faU  of  temperature,  which  is  very  small,  being  the  difference 
between,  these  two  processes.  This  means  that  there  is  a  com- 
pensatory increase  in  the  oxygen  intake  and  increased  combustion 
According  to  this  explanation  alcohol  should  be  regarded  as  an 
indirect  stimulant  to  respiration. 

Metabolism.— Alcohol  in  moderate  doses  is  oxidised  almost 
entirely  in  the  body,  and  therefore  must  yield  energy.  Atwater 
and  Benedict  showed  that  when  2I  ozs.  were  given  daily  to  a  man 
never  more  than  2  per  cent,  was  excreted  unchanged  in  the  urine.' 
Since  no  intermediate  products  of  oxidation  have  been  found  it 
IS  generally  assumed  that  this  alcohol  is  completely  oxidised'  to 
carbonic  acid  and  water.  Oxidation  is  accomplished  slowly  be- 
cause the  amount  of  alcohol  found  circulating  in  the  blood  soon 
after  its  administration  by  the  stomach  is  roughly  proportional 
to  the  amount  given,  and,  especially  after  small  doses,  remains 
almost  constant  for  at  least  two  hours. 

Alcohol  a  Fat  Sparer.— The  most  reliable  experiments  on  alcohol 
are  those  of  Atwater  and  Benedict.  They  required  a  man  to 
enter  a  large  and  sufadently  ventilated  chamber  in  which  he  lived 
for  several  days  and  which  served  both  as  a  calorimeter  and  a 
respiratory  chamber.  By  this  means  both  the  total  heat  given 
out  and  the  interchange  through  the  lungs  could  be  measured. 
Work  was  performed  when  necessary  by  turning  a  fixed  bicycle 
wheel  which  revolved  a  dynamo  :  the  current  from  this  was  sent 
through  a  lamp  and  the  heat  given  out  recorded  the  work  done, 
rhe  diet  and  excreta  were  daily  analysed.  By  experiments  in  this 
fashion  It  was  shown  that  if  2^  oz.  of  alcohol  were  made  to  replace 
fat  of  an  equivalent  calorific  value  from  a  fixed  diet,  the  same 
amount  of  energy  is  utilised  still,  and  roughly  the  same  heat 
IS  given  off.    Now  we  know  that  alcohol  is  oxidised,  and  since  no 
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extra  heat  is  given  out  it  must  be  usefully  burned  i.e  it  spares  the 
oxidation  of  fat.  When  the  amount  of  alcohol  admmistered  is 
small,  it  even  does  this  isodynamically.  This  property  may  account 
for  the  stoutness  of  the  beer  drmker.  ,    t_     ,      i  •  , 

.  Can  Alcohol  Spare  Proteid  ?— Supposing  a  man  to  be  placed  m  a 
condition  of  nitrogenous  equilibrium  with  food  of  an  energy-value 
iust  sufficient  to  supply  the  needs  of  the  body-i...,  there  is  neither 
loss  nor  gain  in  weight-it  is  found  that  when  carbohydrate  is 
suddenly  withdrawn  an  increased  loss  of  nitrogen  is  immediately 
produced  This  means  that  the  tissue-proteid  is  oxidised  for  the 
needs  of  the  body.  The  loss  may  be  avoided  by  substituting  an 
equivalent  amount  of  fat  for  the  carbohydrate,  but  if  alcohol  is 
substituted  the  increased  loss  of  nitrogen  still  remains.  Indeed, 
we  can  go  even  further  than  this,  and  show  that  if  a  man  taking  a 
fixed  diet  is  in  nitrogenous  equilibrium,  the  simple  addition  of 
alcohol  to  his  diet  increases  nitrogenous  loss.  Besides  supplying 
the  body  with  some  energy  alcohol,  therefore,  exerts  a  toxic  effect, 
resulting  in  an  increased  proteid  metabohsm. 

Supposing  now  that  experiments  of  this  type  instead  of  occupy- 
ing only  a  few  days  are  continued  over  a  longer  period.  The  food 
value  of  the  diet  remains  unchanged,  but  the  tissues  apparently 
become  tolerant  to  the  poisonous  action  of  the  alcohol.  It  no 
longer  produces  a  toxic  effect,  and  so  can  act  now  as  a  proteid 
sparer. 

Rosemann  in  a  series  of  experiments  added  alcohol  to  a  dietary 
just  capable  of  maintaining  nitrogenous  equihbrium.  The  alcohol 
was  administered  for  eighteen  days,  and  the  amount  was  mqreased 
from  20  CO.  on  the  first  day  to  loo  c.c.  per  diem  towards  the  end  of 
the  time.  He  showed  that  from  the  twelfth  to  the  eighteenth 
day  there  was  an  average  gain  of  2  grams  of  nitrogen  to  the  body, 
i.e.,  in  the  week  the  body  gained  in  weight  about  a  pound,  solely 
from  the  added  alcohol. 

Experiments  of  this  type  show  that  if  fats  and  carbohydrates 
are  removed  from  an  efficient  dietary  and  replaced  by  alcohol 
there  is  first  an  increased  loss  of  nitrogen  (toxic  action)  ;  but  m  a 
few  days  the  tissues  adapt  themselves  to  the  changed  conditions 
and  the  metabolism  again  assumes  a  condition  of  equilibrium  at 
about  the  same  level  as  before.  Yet  if  carbohydrate  is  removed 
without  replacement  by  alcohol  the  diet  is  insufadent  and  is  shown 
by  a  considerable  loss  of  .  nitrogen. 

One  experiment  by  Offer  on  a  healthy  man  who  was  not  ac- 
customed to  taking  alcohol  will  make  the  situation  clear.  The 
following  figures  show  the  daily  gain  or  loss  of  nitrogen  to  the  body 
under  the  conditions  mentioned  : — 
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Grm. 

Period  i. — Diet  alone.     Loss,  0.3441.     Body  nearly  in  nitrogenous 

equilibrium. 

Period  2. — Diet  +  100    Loss,    1.1689.    Toxic  action  on  tissues, 
grams  of 
alcohol. 

Period  3. — Diet  +  100     Gain,  0.2335.     Tolerance  beginning  to  be 


The  increased  nitrogenous  breakdown  seen  in  the  second  period 
in  this  experiment  is  apparently  due  to  the  effect  of  alcohol  on  the 
tissue-cells.  The  equilibrium  which  develops  in  the  latter  stages 
is  the  effect  of  tolerance,  the  cells  now  being  able  to  oxidise  the  alcohol 
as  it  reaches  them. 

Now  that  we  understand  how  alcohol  affects  the  tissues  we  will 
consider  the  question  "Is  alcohol  a  food?"  It  has  been  already 
pointed  out  that  it  is  a  fat-sparer  and  also  a  proteid-sparer 
in  those  moderately  addicted  to  its  use.  Further,  it  surpasses 
starch  and  sugar  in  alimentary  value  because  weight  for  weight 
it  contains  more  energy.  This  evidence  alone  would  unquestion- 
ably place  it  in  the  category  of  foods.  In  excessive  amounts,  or  in 
those  not  addicted  to  its  use,  it  has,  however,  a  toxic  action.  Un- 
less there  is  some  degree  of  tolerance  to  its  use  even  a  small  dose 
of  alcohol  is  then  not  a  food  in  the  sense  that  fat  and  starch  are 
foods.  The  answer  to  our  question  cannot,  therefore,  be  a  yes 
or  no.  The  food  value  of  alcohol  depends  on  the  dose  and  the 
tolerance. 

Excretion. — Alcohol  in  moderate  doses  undergoes  oxidation 
in  the  body  but  i  or  2  per  cent,  is  excreted  in  the  urine.  The 
oxidation  is  slow,  because  the  amount  circulating  in  the  blood 
remains  constant  for  about  two  hours  after  the  administration  of 
a  small  dose.  The  kidneys  have  no  special  excretory  power,  and 
the  urine  has  been  found  to  contain  no  more  alcohol  than  the 
exact  proportion  contained  in  the  blood. 


1.  Alcohol   Absolutum. — Should  contain  at  least  90  per  cent. 

alcohol,  CjHj.OH.  1  . 

2.  Spiritus  Rectificatus. — Rectified  spirit.    Ethyl   Hydroxide  (90 

per  cent,  by  volume). 
The  four  official  liquids  obtained  by  diluting  rectified  spirit  with 
distilled  water  are  : 

3.  Alcohol  (70  per  cent,  by  volume). 

4.  Alcohol  (60  per  cent.,  by  volume). 


grams  of 
alcohol. 


established,  and  alcohol 
acting  as  a  proteid-spar- 
ing  food-stuff. 


Period  4. — Diet  alone.  Loss,  o.oiio. 
Period  5. — Diet  with 

added  fat.      Gain,  1.5654. 
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5.  Alcohol  (45  per  cent,  by  volume). 

6.  Alcohol  (20  per  cent,  by  volume). 

7.  Spiritus  Vini  Gallici.  Brandy. 

Contains  not  less  than  43  per  cent. 

Preparations 

Mistura  Spiritus  Vini  Gallici.    Egg  flip. 
Dose,  I  to  2  oz. 

8.  Vinum  Xericum.— Sherry. 

Contains  not  less  than  16  per  cent,  by  volume  of 

9.  Vinum  Aurantii.— Orange  Wine. 

Contains  from  10  to  12  per  cent,  alcohol. 
10.  Sodii  Ethylatis. 


CHAPTER  IV 


ANAESTHETICS.    NARCOTICS.  HYPNOTICS 

The  term  narcotic  or  soporific  in  its  widest  sense  is  applied  to  a 
drug  which  produces  cerebral  depression.  The  narcotics  may  be 
divided  into  two  classes :  the  specific  which  act  by  their  direct 
chemical  affinity  for  nerve-cells,  such  as  the  bromides  or  morphine, 
and  the  indifferent  which  probably  act  physically.  Only  the  latter 
group  are  considered  in  this  chapter,  and  they  may  be  subdivided 
into  ancBsihetios,  drugs  producing  unconsciousness;  hypnotics,  for 
promoting  sleep ;  and  narcotics  proper,  substances  which  give  rise 
to  a  condition  resembling  coma.  It  must  not  be  imagined  that 
there  is  any  hard  and  fast  line  between  these  artificial  subdivisions  ; 
on  the  contrary,  all  the  members  have  the  same  type  of  action,  but 
owing  to  individual  differences  in  absorption  and  excretion  some 
are  specially  adapted  for  particular  uses.  Hj^pnotics,  although 
inducing  the  same  general  effects  as  the  anaesthetics,  are  used  only 
to  produce  imperfect  consciousness — sleep  ;  because  being  com- 
paratively slowly  absorbed  and  excreted,  a  definite  quantity 
of  the  substance  will  remain  in  the  blood  for  some  hours, 
and  so  prolong  the  depressant  action.  Narcotics  or  hypnotics 
administered  in  large  doses  give  rise  to  complete  anaesthesia. 
Urethane,  for  example,  when  given  to  a  rabbit  in  doses  of  i  or  2 
grs.  behaves  as  a  mild  hypnotic,  but  if  an  injection  of  100  grs. 
is  made,  it  forms  an  excellent  and  complete  anaesthetic.  Such  an 
anaesthetic  would  not  be  suitable  for  man  on  account  of  the  pro- 
longed action  of  the  drug — about  twenty- four  hours  — and  on  account 
of  the  difficulty  of  just  gauging  the  dose,  so  that  whilst  anaesthesia 
is  complete  the  medulla  retains  its  activity.  The  term  anaesthetic 
has  come  to  be  used  in  a  limited  sense  for  drugs  which  are  very 
rapidly  absorbed  and  excreted,  i.e.,  the  volatile  drugs  chloroform, 
ether,  &c.  With  such  the  effect  lasts  only  so  long  as  the  adminis- 
tration is  continued.  They  are  quite  unsuitable  as  hypnotics 
because  they  act  for  too  short  a  time. 

CHLOROFORM 

From  the  most  remote  periods  surgeons  have  sought  the  means 
to  relieve  the  pain  of  operations.  The  internal  administration  of 
drugs  seems  to  have  been  the  time-honoured  method.  In  China 
Indian  hemp  was  used  for  this  purpose.    The  stupor  produced 


CHLOROFORM 


51 


by  compressing  the  carotids  was  employed  by  the  Assyrians,  and 
hypnotism  was  practised  in  tlie  East.  In  later  times  advantage 
was  taken  of  the  intoxication  produced  by  alcohol. 

The  first  suggestion  to  produce  anesthesia  by  the  inhalation 
of  drugs  was  made  by  Davy  in  1800,  when  he  discovered  by  experi- 
ment on  himself  that  nitrous  oxide  had  the  power  of  relieving  tooth- 
ache ;  the  properties  of  this  body  were  not  properly  reahsed, 
however,  till  some  fifty  years  later.  Morton  first  made  use  of 
ether  as  an  anesthetic  in  1846,  and  Simpson  discovered  the  use  of 
chloroform  about  a  year  later. 

Chloroform  is  a  colourless  volatile  hquid.  It  sinks  in  water, 
in  which  it  is  soluble  to  about  a  i  per  cent.,  but  it  is  freely  soluble 
in  alcohol,  ether,  oUve  oil  and  turpentine.  Sometimes,  especially 
as  a  result  of  exposure  to  hght,  decomposition  occurs  and  carbonyl 
chloride,  free  chlorine  or  hydrochloric  acid— all  of  which  are  irritant 
— may  be  formed  thus  : — 

4CHCI3  +  3O,  =  4COCI,  +  2Hp  +  2CI, 
COCI2  +  H,d  =  CO3  +  2HCI 

Deaths  during  anaesthesia  are  due  to  the  anaesthetic  and  not  to 
the  trace  of  impurity  which  may  be  present  in  it.  Chloroform 
has  much  the  same  action  when  apphed  externally  as  alcohol,  but 
is  more  irritant.  If  it  is  dropped  on  the  skin  it  gives  rise  to  the 
feehng  of  burning  followed  by  blunting  of  sensation.  If  the  vapour 
is  not  allowed  to  evaporate,  or  if  the  chloroform  is  rubbed  into  the 
skin,  it  acts  as  a  rubefacient  and  irritant,  and  should  it  contain 
alkaloids  in  solution  their  absorption  is  facihtated. 

Symptoms  of  Inhalation  and  Action  on  the  Central  Nervous 
System. — The  symptoms  of  chloroform  inhalation  closely  resemble 
those  of  alcohol-narcosis.  With  chloroform  the  excitement  stage  is 
very  much  shorter  owing  to  the  rapid  absorption  from  the  large 
area  of  the  lung-capillaries,  thereby  inducing  the  rapid  onset  of 
ancesthesia.  For  convenience  of  description  the  symptoms  are 
divided  into  three  stages,  (i)  A  freliminary  stage  characterised  by 
a  feeling  of  excitement  and  by  various  reflex  effects.  The -local 
action  of  the  anaesthetic  on  the  respiratory  passages  gives  rise  to 
smarting  in  the  nose  and  conjunctiva,  and  reflexly  to  coughing 
and  salivation  with  hypersecretion  from  all  mucous  membranes 
with  which  the  anaesthetic  comes  in  contact.  The  action  of  the 
vapour  on  the  nasal  mucous  membrane  induces  two  other  reflex 
effects.  The  first  is  on  respiration,  which  not  uncommonly  the 
patient  or  animal  holds  voluntarily  until  forced  to  breathe  by 
asphyxia.  If  a  little  chloroform  is  held  near  a  rabbit's  nose,  the 
animal  stops  breathing  before  any  of  the  vapour  has  had  time  to 
be  absorbed.  This  is  due  to  irritation  of  the  nerve-endings  of  the 
fifth,  for  the  effect  is  not  seen  if  either  these  nerves  have  been  pre- 
viously cut,  or  if  the  interior  of  the  nose  has  been  painted  with 
cocaine — a  drug  which  paralyses  sensory  nerve-endings — before 
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the  anaesthetic  is  administered.  The  second  reflex  is  on  the  heart, 
which  is  slowed.  It  also  is  produced  by  irritation  of  the  fifth 
nerve-endings  in  the  nose,  and  does  not  occur  if  the  nasal  mucous 
membrane  is  previously  painted  with  some  local  anaesthetic. 
During  this  stage  the  face  is  somewhat  flushed,  and  the  excitement 
induces  a  quickened  pulse  and  dilated  pupils. 

(2)  The  second  stage  is  characterised  by  great  excitement.  The 
patient  loses  self-control,  struggles  violently,  and  exhibits  all  the 
uproariousness  of  the  drunkard ;  and  here,  as  in  the  case  of  alcohol, 
his  language  and  behaviour  are  largely  controlled  by  his  habitual 
mode  of  thought.  There  is  a  general  feeling  of  stiffness,  and  sensa- 
tion is  blunted.  The  respiration  is  irregular  from  the  struggling  ; 
the  pulse  is  accelerated  and  the  pupil  dilated,  both  as  a  result  of 
the  excitement. 

(3)  The  third  or  ancBsthetic  stage  now  gradually  ensues.  The  mus- 
cular system  slowly  relaxes,  and  the  reflexes  disappear,  the  pupillary 
reflex  being  one  of  the  last  to  go.  The  pulse  and  respiration  are  both 
somewhat  slower  than  normal,  and  the  pupil  is  a  httle  contracted, 
being  in  much  the  same  condition  as  it  is  during  ordinary  sleep. 

The  symptoms  of  the  various  stages  may  be  seen  from  the  follow- 
ing table  : — 

r  Irritant  action  of  the  vapour  on  the  nasal  and 
bronchial  mucous  membrane. 
Reflex   effects — coughing,   salivation,  respiratory, 

cardiac. 
Disturbances  of  judgment. 
Loss  of  memory  and  self-control. 
Emotional  tendencies. 
Disturbances  of  special  senses. 
Analgesia. 
Vertigo  and  ataxia. 

Quickened  pulse  and  rise  in  blood-pressure. 
Increased  respiration  1 
Dilated  pupils. 

Coughing,  retching,  vomiting. 

Delirium  varying    from    shouting  to  inarticulate 

muttering. 
Tonic  and  clonic  muscular  spasm. 
Reflexes  diminished  but  stiU  present. 
Unconsciousness. 

Respiration  irregular  from  the  struggling. 
Pulse  accelerated   and  pupil  dilated,  both  from 

excitement. 
Muscular  relaxation. 
Loss  of  reflexes. 

Breathing  regular,  often  "  snoring." 
■I  Decrease  of  respiratory  exchange. 
Fall  of  temperatiu'e. 
Fall  of  blood-pressure. 
>  Pupil  small,  but  does  not  -react  to  light. 


Stage  I. 


Disorganised 
consciousness 
and 
analgesia. 


Stage  2. 


Excitement 
and 

unconsciousness . 


Stage  3. 


Surgical 
anaesthesia. 
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stage  4.         r  Loss  of  bladder  and  rectal  reflexes. 

Paralysis  of  vaso-motor  centre  (great  fall  of  blood- 
Leading  to  pressure), 
bulbar  paralysis.  1  Paralysis  of  respiratory  centre. 

Widely  dilated  pupils. 
.  Great  depression  of  cardiac  muscle. 

The  action  of  anaesthetics  is  characterised  by  the  same  pro- 
gressive paralysis  of  the  central  nervous  system'  that  has  been 
described  with  alcohol,  except  that,  on  account  of  the  rapid  onset, 
the  excitement  is  even  wilder.  As  in  the  case  of  alcohol  so  here, 
some  authorities  regard  the  excitement  as  evidence  of  stimula- 
tion ;  and  the  same  arguments  are  applicable  here  as  those  which 
have'  been  already  discussed  for  alcohol,  but  with  the  additional 
evidence  that  excitation  of  the  cortical  motor  areas  gives  rise  to  a 
diminished  effect  after  chloroform  inhalation. 

All  narcotic  drugs  of  this  class  (fatty  series)  probably  affect  the 
sensory  part  of  the  central  nervous  system,  before  the  motor. 
This  has  been  shown  for  chloroform 
on  the  spinal  cord  of  animals  by  de- 
stroying a  limited  small  portion  of 
the  pia  mater.  Inhalation  of  chloro- 
form will  not  affect  this  portion  of  the 
cord  since  the  blood-vessels  are  de- 
stroyed. Supposing  Fig.  2  to  repre- 
sent the  spinal  cord,  and  "B"  to  be 
the  portion  deprived  of  its  pia  mater, 
stimulation  of  the  sensory  nerves 

produces  no   reflexes.    But  stimula-  . 
^.         .     ,  XT      •        Fig.  2.  — Diagrammatic  View 

tion  of  the  sensory  nerve  N,  gives  Spinal   Cord,  of 

rise  to  reflexes  not  only  in  the  part  which  the  Portion  B 

"B"   but  in  the  rest   of   the  cord  has  been  deprived  of  its 

.  ,,  .       j_i  .         11-4.0,        ^  Pia  Mater.    (Cat  or  Dog.) 

"A,    I.e.,  the  motor  cells  in  the  por-  ■  ,  u 

.  ,,                   -n   i_      •    J.     i.  During   aiiEESthesia  excitation  of  the 

tion  "  A      must  still  be  intact.  afferent  nerves  Nj  produces  no  reflexes, 

T     .         ,  V  i.   4.    „f    i-U^  ^nr-A    but  excitation  of  No  produces  reflexes  not 

Later,  the  motor  part  of  the  cord  ^uiy  in  parts  of  the  body  supplied  from 

i'.;  nnralvsprl  akn  sinre  direct  electrical  B  but  also  in  those  parts  supplied  by  A. 
IS  paraiysea  aiSO,  since  unect  cict. li lucii    Hence  the  ana;sthetic  does  not  affect  the 

stimulation  produces  no  effect.    The  motor  ceiis  in  a. 
medulla  is  paralysed  last  of  all. 

Action  on  Respiration.— The  effect  of  chloroform  narcosis  on 
respiration  is  much  the  same  as  that  of  any  other  form  of  narcosis. 
In  the  first  stage  the  irritant  effect  of  the  vapour  on  the  nasal 
mucous  membrane  gives  rise  to  either  slowing  or  cessation  of  the 
respiratory  movements.  These  effects  are  reflex,  and  are  produced 
by  irritation  of  the  fifth  nerve-endings.  During  the  excitement 
stage  respiration  is  necessarily  irregular,  and  as  a  result  of  the 
struggling  it  often  happens  that  a  large  amount  of  the  vapour 
is  inhaled.  In  the  anaesthetic  period  the  respiration  is  slower 
and  shallower  than  normal.  The  Hyderabad  Commission  concluded 
from  their  experiments  that  interference  with  or  paralysis  of  respira- 
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tion  was  the  only  means  by  which  the  heart's  safety  was  jeopard- 
ised. We  now  know  that  this  Commission  was  wrong  in  its  finding, 
and  that  uncomphcated  respiratory  failure  never  causes  death  if 
artificial  respiration  is  resorted  to.  Failure  of  respiration  is 
generally  due  to  great  fall  of  blood -pressure  and  its  restoration  is 
dependent  on  the  recovery  of  the  blood-pressure  (Fig.  3) .  The  failure 
of  respiration  during  the  early  period  of  anaesthesia  happens  as 
frequently  after  as  it  does  before  the  heart  stops,  and,  in  any  case, 
is  of  comparatively  little  significance  compared  to  the  condition 
of  the  heart. 

The  respiratory  exchange  undergoes  considerable  diminution 
during  chloroform  narcosis,  sometimes  50  or  60  per  cent. ,  mainly  as  a 
result  of  immobility  and  fall  of  temperature.  The  exchange 
remains  small  for  some  two  or  three  hours  after  recovery  from 
anaesthesia. 

Circulation. — It  is  a  well-known  fact  that  the  great  majorit^^ 
of  deaths  in  men  resulting  from  chloroform  inhalation,  occur  during 
the  first  minute  or  two  of  its  administration — before  the  surgeon 
has  commenced  to  operate.  A  similar  type  of  death  can  be  in- 
duced readily  in  dogs  by  the  inhalation  of  a  few  whiffs  of  concen- 
trated chloroform  vapour.  This  effect  is  due  to  sudden  inhibition 
of  the  heart,  brought  about  by  the  rapid  absorption  of  a  concen- 
trated dose  of  chloroform  from  the  great  surface  of  pulmonary 
capillaries.  The  inhibition  is  the  direct  result  of  excitement  of 
the  vagal  centre  in  the  medulla,  because  it  cannot  be  obtained  in 
dogs  if  the  vagi  have  been  first  severed,  or  if  a  dose  of  atropine — 
an  alkaloid  which  paralyses  the  vagal  endings — has  been  admin- 
istered previously.  Further,  when  such  an  inhibition  of  the  heart 
has  been  induced,  section  of  the  two  vagi,  by  cutting  off  the  medul- 
lary effect,  wiU  release  the  heart ;  the  beat  will  once  again  recover 
its  normal  character,  and  the  blood -pressure  will  bound  up  (Fig.  3). 
The  inhibition  is  the  more  intense  from  its  being  exercised  on  a 
heart  the  automatic  action  of  which  is  diminished  by  the  effect  of 
the  chloroform  on  the  heart -muscle. 

The  Hyderabad  Commission  failed  to  recognise  this  most  im- 
portant action  of  chloroform,  because  in  their  experiments  the  in- 
hibitory vagal  mechanism  was  exhausted  by  the  previous  induction 
of  anaesthesia.  It  is  the  initial  effect  of  a  powerful  dose  of  chloro- 
form which  is  to  be  feared.  The  sudden  administration  of  any- 
thing over  2  per  cent,  in  the  air  may  lead  to  dangerous  or  persistent 
inhibition. 

We  believe  then  that  central  vagal  inhibition  is  the  principal 
factor  in  the  causation  of  sudden  death  from  chloroform.  To 
avoid  such  an  effect,  it  has  been  suggested  that  all  patients  should 
receive  a  dose  of  atropine  before  they  are  anaesthetised,  thereby, 
to  some  extent,  blocking  the  central  impulses.  But  the  most 
important  fact  to  bear  in  mind  is  that  the  anaesthetic  must  be 
administered  very  slowly  in  the  early  stages.    The  centre  then  loses 
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its  irritability  to  chloroform  vapour  and  soon  undergoes  actual 
depression.    Inhibition  when  once  induced  in  man  is  very  ditticult 


to  treat  The  patient  at  one  time  is  apparently  breathmg  well 
and  has  a  good  pulse  and  contracted  pupils.  In  a  moment  his 
l)ulse  flickers  and  stops,  and  his  respiration  ceases  generally  some 
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ten  to  thirty  seconds  later :  the  pupils  are  still  contracted,  showing 
that  the  effect  is  not  the  result  of  a  very  large  amount  of  chloroform 
such  as  might  be  the  cause  of  death  during  the  fourth  stage  of 
anaesthesia.  Under  these  circumstances  artificial  respiration  must 
be  performed,  and  measures  adopted  to  bring  back  the  heart-beat. 
The  best  hope  of  success  is  from  the  injection  of  a  solution  of  atro- 
pine into  a  vein.    It  should  be  washed  well  in  with  a  saline  solu- 


FiG.  4. — Dog  (Decerebrate).    Left  Ventricle  .\nd  Blood-pressure. 

Upper  curve  represents  the  extent  of  the  movements  of  the  left  ventricle  as  measured  by  the 
pull  on  a  weighted  lever.  Upstroke  =  systole.  Lower  curve  represents  blood-pressure. 
Dunng  the  period  A  chloroform  was  inhaled  (about  2  to  3  per  cent.).  Note  the  imme- 
diate weakening  of  the  cardiac  contractions  and  the  slower  recovery.  The  fall  of  blood- 
pressure  IS  due  to  this  effect.    Time  =  10  sees. 

tion  so  that  it  may  reach  the  heart,  depress  the  vagal  termina- 
tions, and  so  overcome  the  inhibition.  This  treatment  is  likely 
to  be  successful  if  the  heart  has  not  been  completely  inhibited,  as 
in  Fig.  3.  But  if  the  inhibition  is  complete,  and  it  is  impossible 
to  decide  on  the  patient  if  it  be  or  not,  probably  no  such  treatment 
will  be  effective. 

The  inhalation  of  chloroform  vapour  besides  the  vagal  centre 
also  at  first  stimulates  the  vaso-motor  centre  in  the  medulla.  This 
can  be  shown  by  the  cross-circulation  experiments  of  Gaskell  and 
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Shore.  Two  rabbits,  A  and  B,  are  connected  together  so  that  the 
cardiac  end  of  one  carotid  artery  of  A  is  joined  to  the  cranial  end 
of  one  carotid  of  B ;  also  the  cranial  end  of  one  jugular  vein  of  B 
was  similarly  joined  to  the  cardiac  end  of  one  jugular  of  A.  If 
chloroform  is  inhaled  by  rabbit  A  it  is  absorbed  by  the  lungs  and 
passes  immediately  to  the  left  heart.  The  cardiac  muscle  is  de- 
pressed, and  so  the  output  is  diminished  and  the  blood-pressure 
falls.  Some  of  this  blood  then  passes  by  the  cross-circulation 
directly  to  the  brain  of  B  where  it  stimulates  the  medulla  (vaso- 


FiG.  5.— Dog  (Decerebkate).    Cardiometer  (i.e.,  Heart-volume) 

AND  B.P. 

During  the  period  A  3  or  4  per  cent,  of  CHCI3  in  air  was  inhaled.  Systole  (downstroke) 
becomes  progressively  weaker,  and  cardiac  tonus  is  diminished  ;  so  the  heart  becomes  dis- 
tended with  blood,  only  a  small  proportion  of  which  is  expelled  during  systole  The  fall  in 
B.P.  is  due  to  this  effect  on  the  heart ;  as  the  cardiac  systole  improves  the  blood-pressure 
rises.    Time  =  sees. 

motor  centre),  the  peripheral  vessels  in  consequence  constrict, 
and  the  blood-pressure  rises.  The  same  effect  is  produced  by  in- 
jecting a  solution  of  chloroform  in  sahne,  into  the  brain  through  one 
carotid  artery  :  the  blood -pressure  rises  from  stimulation  of  the 
vaso-motor  centre.  In  any  case,  the  central  excitation  is  only 
transient  and  is  quickly  followed  by  depression. 

Chloroform  directly  depresses  all  forms  of  muscular  tissue  through- 
out the  body.  The  excised  heart  of  an  animal  beats  regularly 
and  rhythmically  so  long  as  the  coronary  arteries  are  perfused 
with  warm  Ringer's  solution  or  defrbrinated  blood,  and  the  move- 
ments can  easily  be  recorded  by  a  lever.  Chloroform  markedly 
diminishes  the  force  of  contraction  of  the  muscle  :  the  effect  quickly 
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passes  off  when  the  anaesthetic  is  removed.  Fig.  4  shows  the  action 
on  an  intfict  heart  ;  the  blood-pressure  falls  during  the  chloroform 
inhalation  "A"  just  in  proportion  as  the  force  of  contraction  of  the 
ventricle  (upper  curve)  becomes  less. 

As  the  contractile  power  of  the  heart-muscle  diminishes  the  organ 
dilates  ;  the  walls  are  no  longer  capable  of  efficiently  contracting 
on  the  blood  they  contain  and  the  heart  becomes  more  and  more 
gorged  with  blood.  This  can  be  shown  by  measuring  the  volume 
of  the  heart  by  means  of  the  cardiometer.  Fig.  5  demonstrates 
the  effect  of  chloroform  under  such  conditions  ;  the  tracing  shows 
both  a  rapid  dilatation  of  the  heart  and  marked  diminution  of  the 
output.  The  drug  acts  on  the  muscle  directly,  and  in  this  respect 
is  comparable  with  the  potassium-ion. 

Chloroform  depresses  the  plain  muscle  of  the  vessels.  Oncometer 
experiments  show  that  the  net  result  of  chloroform  inhalation  on 
the  vessels  of  the  intestines,  spleen,  and  kidney  is  dilatation.  The 
skin -vessels  dilate  early,  and  one  of  the  first  effects  of  inhalation 
is  flushing  of  the  face.  It  is  not  due  to  the  direct  action  of  the  chloro- 
form but  to  excitation  of  the  medulla  which,  during  the  stage  of 
excitement,  both  constricts  internal  vessels,  and,  therefore,  raises 
blood-pressure  and  dilates  the  skin-vessels.  This  transient  con- 
striction soon  gives  place  to  dilatation,  for  the  ultimate  action  both 
on  the  centre  and  periphery  is  paralytic.  After  a  short  rise,  due 
to  the  central  stimulation,  the  blood-pressure  falls  as  the  result 
of  the  diminished  output  from  the  heart  and  the  vaso-dilatation. 

Vaso-dilatation  is  well  shown  by  the  perfusion  of  any  isolated 
organ.  If,  for  example,  the  intestine  is  perfused  through  its  artery 
with  defibrated  blood  and  the  outflow  from  the  vein  measured, 
the  addition  of  a  little  chloroform  to  the  circulating  fluid,  after 
initial  constriction,  increases  the  outflow  from  the  vein.  This  effect 
might  conceivably  be  caused  by  either  depresssion  of  nerve-endings 
or  muscle.  That  the  effect  is  upon  muscle  is  shown  by  perfusion 
of  the  lungs  through  the  pulmonary  artery.  These  vessels  contain 
no  nerve-supply,  and  yet  they  dilate  under  chloroform  after  the 
typical  primary  constriction. 

Other  Effects. — Moderate  anaesthesia  has  but  little  effect  on 
the  movements  of  the  bladder,  intestines,  or  uterus  ;  and  during 
parturition  the  uterine  contractions  are  very  little  influenced. 
Deep  anaesthesia  diminishes  all  movements  of  plain  muscle. 

The  temperature  steadily  falls.  With  ordinary  precautions 
this  is  not  more  than  about  half  a  degree  in  half  an  hour,  although 
after  prolonged  anaesthesia  drops  of  even  5°  or  6°  F.  have  been  re- 
corded. The  cause  must  be  looked  for  (i)  in  the  vascular  dilata- 
tion of  the  skin,  thereby  producing  an  increased  output  of  heat, 
and  (2)  the  absence  of  voluntary  movements  and  the  general  de- 
pression of  activity  of  the  tissues,  so  diminishing  the  production 
of  heat. 

Chloroform  increases  the  excretion  of  nitrogen,  chlorides,  phos- 
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phates,  and  sulphates  in  the  urine.  This  autolysis  of  tissue  is  not  due 
to  greater  oxidation,  because  the  increase  of  nitrogen  is  m  the  form 
of  alloxuric  bases,  such  as  uric  acid,  whilst  the  sulphur  is  m  a  com- 
plex and  unoxidised  form,  such  as  cystin  or  related  bodies  Alter 
prolonged  chloroform  inhalation,  fatty  degeneration  m  the  liver 
heart,  and  kidneys  have  been  described;  and  small  aniounts  of 
chloroform  administered  for  several  months  have  been  known  to 
give  rise  to  atrophic  cirrhosis  of  the  liver. 

Chloroform  or  ether  added  to  shed  blood  dissolve  the  red  corpuscles 
and  liberate  the  hjemoglobin  ;  possibly  the  jaundice  which  some- 
times follows  anaesthesia  may  be  due  to  this  cause. 

Chloroform,  morphine,  atropine,  and  chloral  are  said  to  produce 
degenerative  changes  in  the  cardiac  ganglia,  as  shown  by  swelling 
of  the  nucleus,  disappearance  of  the  granules,  and  the  presence  of 
fatty  droplets  in  the  cells.  Cardiac  failure  occurring  late  during 
aucesthesia  has  been  assigned  to  this  cause. 

Chloroform  and  ether  are  excreted  mainly  by  the  lungs.  A 
small  amount  of  chloroform  seems  to  be  oxidised  in  the  tissues, 
for  both  the  chlorides  and  acidity  of  the  urine  are  increased ;  the 
latter  owing  to  the  hydrochloric  acid  formed  by  the  combustion. 
Chloroform  is  one  of  the  many  drugs  which  produces  glycuronic 
acid  in  the  urine  ;  this  is  a  substance  which  reduces  Fehlmg  s 
solution,  and  sometimes  gives  rise  to  the  idea  that  sugar  is  present. 
Yeast  will  not  grow  in  such  a  urine. 

ETHER 

The  action  of  ether  so  closely  resembles  that  of  chloroform  that 
it  will  be  necessary  only  to  mention  the  differences  in  action  be- 
tween the  two  drugs.  ,  .  r,  ui 

Common  ether  is  a  colourless  neutral  volatile  and  inflammable 
liquid  miscible  in  alcohol  a^id  fatty  oils.  It  is  prepared  from  alcohol 
by  heating  the  latter  with  sulphuric  acid  at  a  temperature  of  140°  C. 
when  the  following  reaction  occurs  : — 

C^HpH  +       H^SO,  =  H,0  +  C^H^HSO, 
C^H^HSO,  +  QHpH  =  H^SO,  +  c'hJ}  ° 

It  is  used  to  dissolve  fats  and  waxes,  such  as  plugs  of  cerumen 
from  the  external  auditory  meatus.  The  presence  of  water  or 
alcohol  may  be  detected  in  ether  by  adding  to  it  a  little  oil  of  copaiva, 
which  forms  an  emulsion  if  either  of  these  two  impurities  are 
present. 

Ether  is  used  for  three  entirely  different  purposes  : — (i)  As  a 
local  anaesthetic ;  (2)  internally  for  its  action  on  the  stomach  and 
circulation ;  and  (3)  as  a  general  anaesthetic. 

When  it  is  used  as  a  local  anaesthetic  a  fine  spray  of  ether  is 
projected  on  to  the  part  to  be  aucESthetised,  and  this  renders  the 
skin  or  mucous  membrane  hard  and  white.    The  method  answers 
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well  for  small  and  superficial  operations,  but  damage  or  even 
sloughing  of  the  tissues  may  follow  prolonged  freezing. 

Chlorides  of  methyl  and  ethyl  are  superior  to  the  ether  spray 
as  local  anaesthetics. 

Taken  internally  by  the  mouth,  ether  has  a  narcotic  action  some- 
what similar  to  that  of  alcohol.  It  increases  the  secretion  and 
movements  of  the  stomach  and  expels  flatus  :  it  is,  therefore, 
used  as  a  carminative.  In  medicinal  doses  ether  has  little  direct 
action  on  the  heart,  but  it  quickens  the  pulse  reflexly  from  its 
irritant  effect  on  the  mouth  and  stomach.  Its  action  is  very  similar 
to  that  of  alcohol,  only  it  is  absorbed  and  excreted  quicker  :  the 


Fig.  6. — Dog  (Decerebrate).    Cardiometer  and  Blood-pressure. 

At  A  an  inhalation  of  nearly  pure  ether  was  given.  The  systoUc  contractions  are  con- 
siderably weakened,  and  the  heart  tends  to  become  distended  with  blood  ;  but  the  effect  is 
much  less  serious  than  that  induced  by  2  or  3  per  cent.  CHCI3,  and  this  is  also  shown  by  the 
relatively  smaller  fall  in  blood-pressure.    Time  =  sees.    (Compare  with  Fig.  5.) 


symptoms  develop,  therefore,  more  rapidly,  and  the  intoxication 
is  shorter. 

Ether,  used  as  a  general  ancesthetic,  is  only  about  a  quarter  as 
toxic  to  the  central  nervous  system  as  chloroform,  and  is  about 
four  times  as  safe.  It  must  be  administered  much  more  concen- 
trated and  is,  therefore,  more  disagreeable,  and  may  give  rise  to 
considerable  bronchial  irritation.  For  this  reason  it  is  generally 
unsuitable  as  an  anaesthetic  for  elderly  people  and  children.  In- 
halation of  ether  produces  surgical  anaesthesia  much  more  slowly 
than  chloroform,  and  the  excitement  stage  is  both  more  marked  and 
prolonged  than  with  the  latter  drug. 

The  toxic  effect  of  ether  on  muscle  and  nerve  is  much  less  than 
that  of  chloroform.    Sudden  death  from  central  vagal  stimulation 
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is  unknown.  The  force  of  cardiac  contractions  is  but  little 
affected  even  by  very  deep  anjesthesia,  and  dilatation  of  the  fieart 
comparable  to  that  seen  during  chloroform  inhalation  is  never 
observed  (c/.  Figs.  5  and  6).    Blood -pressure  is  little  affected 

Aceiic  Ether  (CHg-COOCH^)  acts  hke  ether,  but  is  pleasanter  to 
take     It  is  used  as  a  mild  antispasmodic  and  diaphoretic. 

Ethyl  Chloride  (C.^H^.d)  produces  intense  cold  by  evaporation, 
and  is  used  as  a  local  ancesthetic. 


NITROUS  OXIDE,  Np  (not  official) 

This  colourless  non-odorous  gas  is  prepared  by  heating  ammonium 
nitrate.  Outside  the  body  it  supports  combustion,  something 
like  oxygen,  but  this  is  due  to  the  dissociation  of  the  nitrogen 
and  the  liberation  of  the  oxygen.  If  a  sphnter  of  wood  is  ignited 
it  is  extinguished  by  the  gas,  but  if  the  wood  is  well  ignited  sufficient 
heat  is  at  once  generated  to  produce  the  dissociation,  and  the  gas 
then  acts  hke  oxygen. 

In  the  living  body  it  cannot  be  substituted  for  oxygen  because  the 
dissociation  does  not  occur  and  asphyxia  is  produced.  Both  animals 
and  plants  placed  in  the  gas  die  in  much  the  same  way  as  if  they 
were  in  hydrogen  gas. 

Nitrous  oxide  is  administered  by  inhalation  to  produce  temporary 
ancEsthesia  during  short  operations.  It  was  formerly  believed 
that  it  acted  only  as  an  indifferent  gas  in  the  body,  and  that  the 
anaesthesia  was  due  to  the  oxygen  being  gradually  replaced  by  the 
gas  ;  but  this  is  very  improbable.  Bert  has  shown  that  if  80  parts 
of  nitrous  oxide  and  20  parts  oxygen  are  administered  to  animals 
at  a  pressure  of  atmospheres,  the  effect  as  far  as  the  nitrous  oxide 
is  concerned  is  the  same  as  administering  the  pure  gas,  since  the 
absorption  of  nitrous  oxide  depends  upon  its  partial  pressure  in  the 
lungs  ;  but  also  in  this  experiment  as  much  oxygen  is  present  as 
in  air.  The  result  is  unlimited  anjesthesia  without  asphyxia, 
which  shows  conclusively  that  the  drug  does  not  produce  its  effect 
by  depriving  the  body  of  oxygen.  The  nitrous  oxide  is  dissolved 
in  the  blood,  the  amount  taken  up  varying  with  the  barometer  ; 
it  forms  no  chemical  combination  with  any  constituent  of  the  body. 

To  produce  satisfactory  antesthesia  the  last  stage  of  inhalation 
must  be  produced  by  the  pure  gas  :  for  80  per  cent,  nitrous  oxide 
at  atmospheric  pressure  only  produces  an  imperfect  angesthesia. 
The  asphyxia  which  supervenes  is  characterised  by  all  the  ordinary 
effects  of  the  condition,  but  owing  to  the  depressant  action  of  the 
drug  on  the  nerve-cells  the  convulsive  movements  are  less  marked 
than,  say,  when  hydrogen  or  other  indifferent  gas  is  inhaled. 

Nitrous  oxide,  therefore,  acts  in  two  ways  :— (i)  It  depresses  the 
central  nervous  system  ;  (2)  it  acts  as  an  indifferent  gas  and 
induces  asphyxia. 
What  is  the  nature  of  its  action  on  the  central  nervous  system  we 
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cannot  yet  say,  but  it  is  possible  that  its  specific  action  may  be 
the  result  of  its  greater  solubility  in  fat  and  fat-like  bodies,  whereby 
the  gas  tends  to  collect  in  the  central  nervous  system,  and  this 
tissue  being  more  susceptible  to  small  alterations  in  composition 
than  other  tissues,  depression  and  ultimately  anaesthesia  are  pro- 
duced. 

The  medullary  centres  would  be  depressed  by  the  action  of  the 
gas.  But  the  deprivation  of  oxygen  during  anaesthesia  overshadows 
this  effect,  and  results  in  the  excitation  of  these  centres.  There- 
fore, respiration  will  cease  sooner,  during  the  inhalation  of  nitrous 
oxide  than  of  some  indifferent  gas.  During  the  asphyxial  stage 
the  heart  is  slower,  the  blood-pressure  rises  from  vaso-constriction, 
and  respiration  is  deeper.  The  heart  is  not  affected  directly. 
Death  occurs  from  lack  of  oxygen  and  not  from  the  direct  action 
of  the  drug. 

During  inhalation  of  a  mixture  of  nitrous  oxide  and  air  the 
first  stage  is  marked  by  subjective  sensations.  There  are  noises 
in  the  ears  and  indistinctness  of  vision.  The  patient  soon  loses 
control  of  himself,  becomes  excited  and  hilarious  ;  his  movements 
and  speech  are  inco-ordinated,  and  his  gait  staggering.  The 
condition  at  this  time  resembles  that  of  alcoholic  intoxication. 

This  stage  is  succeeded  by  drowsiness  and  diminished  sensibility 
to  pain.  When  the  pure  gas  is  inhaled  consciousness  is  quickly 
lost  and  signs  of  asphyxia,  such  as  cyanosis,  twitchings,  irregularity 
and  later  cessation  of  respiration,  and  dilatation  of  the  pupil,  are 
present. 

If  the  mask  is  now  removed  the  patient  remains  unconscious 
from  twenty  to  sixty  seconds.  A  recovery  to  the  normal  state 
occurs  in  two  or  three  minutes,  and  there  are  no  after  effects. 

Nitrous  oxide  is  much  the  safest  anaesthetic  we  possess,  but  owing 
to  the  difficulty  of  prolonging  the  anaesthesia  it  is  used  almost 
exclusively  in  dentistry.  The  action  of  nitrous  oxide  exemplifies 
the  law  of  dissolution.  The  highest  centres  are  first  depressed, 
and  then  the  depression  follows  in  the  reverse  order  of  this  develop- 
ment, the  last  part  of  the  brain  to  be  acted  upon  being  the  medulla. 
The  excitement  stage  is  due  to  the  depression  of  the  controUing 
centres,  whilst  the  lower  centres,  such  as  the  motor  area,  are  little 
affected. 

If  oxygen  is  inhaled  with  nitrous  oxide  the  asphyxial  symptoms 
are  eliminated,  but  very  profound  anaesthesia  cannot  be  obtained 
without  increasing  the  pressure  at  which  the  gases  are  absorbed. 
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MATERIA  MEDICA 

Chloroformum.    Dose,  i  to  5  m. 

Preparations 

1.  Aqua  Chloroformi. — i  in  400. 

Dose,  i  to  2  oz. 

2.  Linimentum  ^  Chloroformi.— Equal   parts   of    chloroform  and 

camphor  liniment. 

3.  Spiritus  Chloroformi. — i  in  20. 

Dose,  5  to  20  m.  for  repeated  administration,  30  to  40  m. 
for  a  single  administration. 

4.  Tinctura  Chloroformi  et  Morphinse  Composita.— 10  m.  contains 

chloroform,  f  m.  ;   morphine  hydrochloride,  ^  gr.  ;  acidum 
hydrocyanicum  dilutum,  J  m. 
Dose,  5  to  15  m. 

Ether.  Dose,  10  to  30m.,  or  60 m.  maybe  given  for  a  single  admin- 
istration. 

Preparations 

1.  Ether  Purificatus. — Ether  from  which  most  of   the  ethylic 

alcohol  has  been  removed. 

2.  Spiritus  Etheris.— Ether,  i  part ;  alcohol,  2  parts. 

Dose,  20  to  40  m.  for  repeated,  60  to  90  m.  for  single 
administration . 

3.  Spiritus  Etheris    Compositus.— It  is   chiefly  ethyl  hydrogen 

sulphate,  and  is  thus  produced  : — 

QHj.OH  +  H,SO,,  =  C,H,.HSO,  +  H^. 
Dose,  20  to  40  m.  for  repeated,  60  to  90  m.  for  single 
administration. 

Ether  Aceticus.  Dose,  20  to  40  m.  or  up  to  90  m.  for  a  single  admin- 
istration. 

Ethyl  Chloride.    (Not  official.) 
Nitrous  Oxide.    (Not  official.) 

'  .  HYPNOTICS- 

The  hypnotics  of  the  methane  series  are  less  volatile  than  the 
anesthetics  :  they  should  be  soluble  in  water  so  as  to  admit  of 
rapid  absorption.  For  convenience  we  divide  them  into  three 
groups:  (I)  Chloral  and  its  aUies  ;  (2)  Sulphones  ;  and  (3)  Urethanes. 

I.  Chloral  Group.— Chloral  is  somewhat  irritant,  so  that  when 
rubbed  into  the  skin  it  gives  rise  to  a  rubefacient  effect.  The 
irritant  effect  may  also  show  itself  by  nausea  and  vomiting  when 
the  drug  is  given  by  the  mouth  in  a  concentrated  form. 

It  is  to  Liebreich  that  we  owe  our  knowledge  of  the  hypnotic 
effects  of  chloral  hydrate,  CCl3.CH(OH)2. 

He  suggested  that  its  action  was  due  to  its  decomposition  by  the 
alkalinity  of  the  tissues  and  the  formation  of  chloroform  thus  : — 
CCI3CHO     +    NaOH    =    CHCI3     +  H.COONa 

Chloral.  Sodium  hydrate.       Chloroform.        Sodium  formate. 
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This  is  not  the  explanation  of  its  action  as  no  chloroform  is  detected 
in  the  breath  or  tissues,  and  as  the  chloral  can  be  regained  from  the 
urine. 

Central  Nervoiis  System. — Chloral  in  moderate  doses  (lo  to  30  grs.) 
produces  a  condition  identical  with  natural  sleep  and  lasting  from 
six  to  eight  hours  ;  the  respiration  and  pulse  are  somewhat  slower 
and  the  pupil  is  a  little  contracted  as  in  sleep.  In  such  doses  it 
has  no  effect  on  the  algesic  areas,  so  that  pain  and  other  disturbing 
influences  prevent  the  "  chloral  sleep  "  :  in  this  respect  it  is  in 
contrast  to  morphine.  The  reflexes  are  not  influenced  in  this 
stage. 

When  it  is  administered  in  larger  doses  (50  to  100  grs.),  the  patient 
falls  into  a  deep  sleep  from  which  it  is  impossible  completely  to 
arouse  him.  Reflex  action  is  weakened  and  sensibility  to  pain  is 
diminished.  There  are  also  signs  of  medullary  depression,  as  shown 
by  the  shallower  respiration  and  fall  of  blood-pressure.  Still  larger 
doses  produce  complete  anaesthesia  and  deep  coma :  there  is  general 
relaxation  of  all  voluntary  muscles  and  the  reflexes  disappear 
entirely. 

These  effects  are  due  to  depression  of  the  central  nervous  system, 
which  first  shows  itself  by  a  general  diminution  of  objective  per- 
ception, a  diminished  consciousness,*  and  so  a  tendency  to  sleep. 
The  normal  movements  produced  by  electrical  excitation  of  the 
motor  area  of  the  brain  are  diminished  by  even  small  doses  of 
chloral,  and  after  large  doses  the  area  does  not  respond  to  stimula- 
tion. The  medulla  is  the  last  part  of  the  central  nervous  system  to 
be  attacked.  The  effect  here  is  shown  by  the  respiration  which 
becomes  progressively  slower  and  shallower  and  by  the  marked  vaso- 
dilatation. The  respiration  is  little  affected  by  medicinal  doses, 
not  more  than  it  is  in  normal  sleep  ;  larger  doses  soon  produce 
decided  falling  off  in  its  activity,  and  death  results  from  respiratory 
failure. 

Circulation. — Chloral  by  depressing  the  medulla  (vaso-motor 
centre)  dilates  the  vessels  :  the  vessels  of  the  skin  frequently 
show  a  well-defined  dilatation,  and,  in  consequence,  skin  eruptions 
sometimes  result ;  these  are  generally  erythematous  but  sometimes 
purpuric  or  urticarial  forms  are  seen.  Any  hypnotic  may  give 
rise  to  such  eruptions.  Chloral  has  a  direct  action  on  heart-muscle 
which,  in  its  broad  outline,  resembles  that  of  chloroform.  When 
chloral  is  administered  in  medicinal  doses  we  are  dealing  with  a 
relatively  small  amount  of  poison  acting  over  a  prolonged  period, 
whilst  in  the  case  of  chloroform  the  poison  is  much  more  concen- 
trated but  only  acts  for  a  comparatively  short  time.  The  effect 
is  shown  quite  well  on  the  isolated  and  perfused  mammalian  heart 
in  which  chloral  gradually  diminishes  systolic  contraction,  first  in 

*  Consciousness  may  be  regarded  as  the  sum  total  of  perceptions  at 
any  one  moment. 
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I    the  auricle  and  later  in  the  ventricle,  resulting  in  dn-ninished  out- 
'    put.     As  the  effect  progressively  continues,  the  heart  becomes 
gradually  overdistended  with  blood  and  systolic  contraction  makes 
but  a  feeble  impression  on  its  contents.    Fig.  7  shows  the  effect 
of  chloral  on  the  frog's  heart  perfused  with  Ringer's  solution. 

The  blood-pressure  falls  both  on  account  of  the  dilatation  of 
vessels  and  the  diminished  cardiac  output.    Death  from  chloral 


Fig.  7. — Isolated  Frog's  Heart  Recording  by  the  Method 

OF  Suspension. 

The  heart  is  being  perfused  with  a  Ringer's  solution  through  the  hepatic  vein.  Upstrolie 
=  svstole  I  shows  the  normal  beat.  II.  shows  the  condition  a  quarter  of  an  hour  after 
perfusing  with  i  in  5000  chloral :  the  heart  is  slower,  the  systole  is  much  weaker,  and  the 
power  of  automatic  contraction  is  beginning  to  go.  III.  shows  the  condition  ten  mmutes 
later  •  automatic  contraction  is  almost  lost,  but  the  heart  still  contracts  to  stimuli — the  points 
of  mechanical  stimulation  are  shown  by  the  irregular  vertical  lines.    Time  =  sees. 

almost  always  results  from  respiratory  failure,  although  marked 
and  even  dangerous  cardiac  depression  is  not  of  uncommon  oc- 
currence. Fig.  8  shows  the  action  of  chloral  on  the  auricle,  ventricle 
and  blood-pressure  of  the  cat.  This  cardiac  action  prohibits  the 
use  of  the  drug  as  an  hypnotic  to  patients  suffering  from  heart 
trouble. 

Other  Effects. — Large  doses  of  chloral  produce  a  fall  of  tempera- 
ture ;  this  is  due  both  to  an  increased  loss  of  heat  from  the  dilated 
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skin-vessels,  and  to  a  smaller  production  the  result  of  diminished 
muscular  movements  and  depression  of  the  basal  ganglia  of  the 
brain  in  which  the  heat-centre  is  situated.  Chloral  has  little  or  no 
action  on  muscle  or  nerve  in  the  living  animal ;  but  in  stronger 
solution,  such  as  may  be  obtained  by  the  direct  apphcation  of  the 

drug,  it  paralyses  the  nerve 
and  sends  the  muscle  into 
rigor  (Fig  9.) 

Chloral  affects  meta- 
bohsm  like  chloroform. 
There  is  the  same  in- 
creased destruction  of  pro- 
teids,  and  the  waste  pro- 
ducts are  less  completely 
oxidised  than  normally  (see 
chloroform).  Less  oxygen 
is  absorbed  during  respira- 
tion and  the  carbonic  acid 
output  is  diminished. 
Prolonged  use  of  chloral 
has  led  also  to  fatty  de- 
. generation. 

Chloral  is  excreted  in  the 
urine  partly  as  chloral  but 
mostly  combined  with 
glycuronic  acid  as  uro- 
chlorahc  acid.  This  body 
renders  the  urine  very 
acid,  and  the  metabolic 
changes,  already  men- 
tioned, may  be  due  to  this 
acidity  in  the  tissues,  for 
all  these  changes  can  be 
prevented  by  giving  the 
drug  with  alkaline  carbon- 
ates. Glycuronic  acid  gives 
all  the  glucose  reactions,  but 
it  does  not  permit  sugar  fermentation  by  yeast. 

Prolonged  abuse  of  chloral  produces  general  depression,  cachexia, 
and  other  symptoms  very  similar  to  those  seen  in  chronic  alco- 
hoHsm. 

Butyl  Chloral  Hydrate  (CH3CHC1.CC2.1CH(0H).3)  acts  very 
similarly  to  chloral ;  it  is  a  weaker  hypnotic  and  does  not  produce 
cardiac  depression  to  the-  same  extent.  Formerly,  it  was  believed 
to  have  a  special  action  on  the  fifth  cranial  nerve,  and  was  used  as 
a  specific  in  neuralgia ;  in  reality  it  acts  in  this  respect  in  no  way 
different  from  chloral. 

With  the  object  of  overcoming  the  depressant  action  of  chloral 


Fig.  8. — Cat.    Auricle  and  Ventricle. 

The  tracing  shows  (i)  movements  of  the  right  auricle, 
(2)  movements  of  the  left  ventricle,  and  (3)  B.-P.  The 
records  were  taken  as  in  Fig.  4.  At  "  A  "  a  dilute 
solution  of  chloral  hydrate  was  injected  into  the 
femoral  vein.  There  is  great  cardiac  depression  affect- 
ing both  the  auricle  and  ventricle,  and  B.-P.  falls  in 
consequence.    Time  =  sees. 
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on  the  circulation,  experiments  have  been  conducted  with  a  number 
of  synthetical  derivatives,  two  of  which  are  mentioned. 

Chloralamide   ^CC1,CH<^^^  CHo)       certainly  less  toxic  to 

cardiac  muscle  than  chloral,  and,  therefore,  does  not  lower  blood- 
pressure  to  the  same  extent  ;  but  its  hypnotic  action  is  not  so  certain. 


Fig.  9. — Frog's  Gastrocnemius.    Action  of  Chloral. 

Single  induction  shocks.  Up  to  A  normal :  at  this  point  i  per  cent,  chloral  was  applied  to 
the  muscle,  and  death  is  shown  in  rigor.  Stimulation  was  applied  every  fifteen  seconds. 
Chloroform  produces  an  exactly  similar  effect. 


Chloralamide  is  decomposed  in  the  body  into  formamide  and  chloral 
and  is  excreted  as  urochloralic  acid. 

Chloralose  is  a  compound  of  chloral  and  glucose  : — 
CCI3CHO  +  C^U^p,  =  C3H„Cl30,  +  up 
Chloral.       Glucose.  Chloralose. 
It  is  absorbed  more  slowly  than  chloral  but  is  a  more  powerful 
hypnotic.     Unlike  chloral  it  heightens  reflexes,  and  in  big  doses 
may  even  give  rise  to  strychnine-like  convulsions.     Why  a  com- 
bination of  chloral  with  an  inert  sugar  molecule  should  so  greatly 
increase  its  narcotic  effect  and  modify  its  action  is  almost  incom- 
prehensible on  a  pure  chemical  hypothesis,  but  can  be  understood 
on  the  assumption  of  some  such  physical  hypothesis  as  that  of 
Meyer. 

Bromal  Hydrate  (^CBrjCH^^Q^^y    Arguing  from  the  soporific 

effects  of  the  bromides  it  was  first  thought  that  bromal  would  be 
a  more  powerful  soporific  than  chloral,  but  the  Br  ion  is  not  pro- 
duced and  the  bromal  molecule  acts  as  a  whole.  It  is  more  toxic 
than  chloral  and  there  is  excitement  before  the  stage  of  narcosis. 

Paraldehyde  (CH^.CHOg  acts  hke  chloral,  but  has  no  de- 
pressant effect  on  the  heart  :  it  never  gives  rise  to  excitement ; 
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and  on  account  of  its  volatility  is  more  speedy  in  its  action.  Its 
only  drawback  is  a  rather  unpleasant  odour  which  affects  the 
breath  for  many  hours,  and  a  disagreeable  taste.  It  is  somewhat 
irritant  to  the  ahmentary  canal. 

II.  SuLPHONE  Group. — The  members  of  this  class  can  be  regarded 
as  chemicaUy  allied  to  methane,  in  which  all  the  hydrogens  are 
replaced  by  alkyl  and  alkyl-sulphonic  radicles. 

H\    /H    CH3\  /SO,.C,H,     CH3\^/S0,.qH,  C,H,\^/SO,.C,H, 

Methane.  Sulphonal.  Trional.  Tetronal. 

Sulphonal  is  a  pure  hypnotic  and  possesses  no  analgesic  proper- 
ties. It  is  less  dangerous  than  chloral  in  that  it  has  no  depressant 
effect  on  cardiac  muscle.  It  is  absorbed  very  slowly  on  account 
of  its  insolubihty,  and  should,  therefore,  be  administered,  at  least 
two  or  three  hours  before  its  effect  is  desired.  The  excretion  of 
sulphonal  is  even  slower  than  its  absorption,  so  that  the  hypnotic 
effect  is  apt  to  be  prolonged,  and  drowsiness  is  not  uncommonly 
seen  the  day  following  its  administration.  Successive  doses  of 
sulphonal  may  give  rise  to  poisonous  symptoms  from  cumulative 
action.  These  show  themselves  by  certain  mental  symptoms,  such 
as  confusion  of  thought  and  hallucinations,  by  gastritis,  and  by 
heematoporphyrinuria,  which  is  an  iron  free  product  formed  by 
the  decomposition  of  haemoglobin.  This  coloration  of  the  urine 
is  apparently  due  to  a  direct  effect  on  the  blood  :  it  has  been  seen 
after  the  administration  of  sulphonal  to  anaemic  women,  and  has 
also  been  obtained  experimentally  in  rabbits. 

Trional  is  more  soluble  and  therefore  more  quickly  absorbed 
than  sulphonal. 

Tetronal  is  less  soluble  than  trional.  Both  this  drug  and  trional 
may  produce,  after  prolonged  use,  the  cherry-red  urine  due  to 
haematoporphyrin  (Fig.  68,  page  225). 

The  sulphones  are  very  slowly  decomposed  in  the  body,  and  are 
excreted  in  the  urine  as  ethyl-sulphonic  acid,  but  a  small  amount 
is  also  excreted  unchanged.  The  hypnotic  action  is  due  to  the 
molecule  as  a  whole,  and  not  to  the  ethyl-sulphonic  acid. 

III.  Group  OF  Urethanes  ^CO^'^^'j.  Ethylourethane  is  the  one 

generally  used.  They  produce  calm  sleep,  and  have  no  depressant 
effect  on  the  circulation.  They  are  excreted  as  urea  and  so  act  as 
diuretics.  Common  urethane  is  a  valuable  anaesthetic  for  certain 
animals  :  about  grams  per  kilo  body  weight  is  required  to  pro- 
duce deep  anaesthesia  in  the  rabbit. 

Hedonal  methylpropylcarbinolurethane  is  another  urethane, 
and  has  much  the  same  action  as  ethyl  urethane. 

Veronal  (c'h'/<^\CO-NH/^°)       ^  "^"^  hypnotic,  which 
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promises  to  be  useful.  It  forms  soluble  salts  with  alkalies.  It 
may  be  administered  in  any  hot  drink. 

Tolerance  can  be  acquired  for  any  of  these  hypnotic  drugs,  and 
when  it  is  produced  for  any  one  drug  larger  doses  of  any  of  the 
others  are  required  to  produce  sleep.  This  is  not  true  of  the  non- 
paraffinoid  hypnotics  ;  excessive  doses  of  bromides  are  not  necessarily 
required  to  produce  sleep  because  tolerance  has  been  acquired,  say, 
against  sulphonal.  This  fact  is,  after  all,  only  what  would  be 
expected  ;  the  bromides  act  chemically  through  the  Br  ion  and, 
apparently,  not  in  any  way  physically  as  we  suppose  these 
paraffinoid  hypnotics  to  act. 

MATERIA  MEDICA 

Chloral  Hydras.    Dose,  5  to20grs.    (Colloquially  spoken  of  as  chloral.) 

Preparation 

I.  Syrupus  Chloral. — Strength  :  10  grs.  in  i  dr. 
Dose,  1^  to  2  drs. 

Butyl-Chloral  Hydras.    Dose,  5  to  20  grs. 

Chloralamide.  (Not  of&cial.)  Dose,  15  to  40  grs.  Soluble  to  5  per 
cent,  in  water. 

Chloralose.  (Not  official.)  Dose,  3  to  10  grs.  Slightly  soluble  in 
water. 

Bromal  Hydras.    (Not  of&cial.) 

Paraldehydum.    Dose,  ^  to  2  drs.    Soluble  to  10  per  cent,  in  water. 
Sulphonal.    Dose,  10  to  30  grs.    Veiy  slightly  soluble  in  water. 
Trional.    (Not  official.)    Dose,  10  to  30  grs. 
Tetronal.    (Not  ofiicial.)    Dose,  10  to  20  grs. 
Veronal.    (Not  official.)    Dose,  3  to  8  grs. 
Urethane.    (Not  of&cial.)    Dose,  i  to  4  drs. 

THE  MODE  OF  ACTION  OF  NARCOTIC  SUBSTANCES 

The  mode  of  action  of  this  group  formerly  presented  great  diffi- 
culties. As  we  have  already  seen  most  drugs  produce  their  specific 
effects  by  possessing  a  direct  chemical  affinity  for  this  or  that 
tissue,  but  such  a  simple  explanation  can  hardly  hold  for  the  drugs 
tiow  under  consideration.  In  the  first  place,  the  alkyl  radicle  in 
these  is  not  dissociated,  and  so  it  cannot  interact  with  the  constituents 
of  the  nerve-cells  ;  secondly,  the  various  members  of  the  group  do 
not  possess  any  chemical  characters  in  common ;  and,  lastly,  the 
physiological  action  has  an  incomprehensible  relationship  to  the 
chemical  constitution.  A  good  example  of  the  latter  is  offered  by 
chloral  and  chloralose. 

The  only  common  factors  to  this  vast  group  are  apparently 
physical  ones — a  general  power  of  diffusion  into  the  uninjured 
cells  of  living  tissue,  comparative  insolubility  in  water,  and  a  greater 
.solubility  in  fat-like  compounds.  On  these  common  factors  Hans 
Meyer  has  built  up  a  hypothesis.    If  two  non-miscible  liquids,  say 
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oil  and  water,  are  placed  in  a  vessel,  and  if  a  substance  soluble 
in  both  is  shaken  up  with  them,  this  substance  will  dissolve  in  the 
two  fluids  in  the  proportion  of  its  solubility  in  each  :  the  propor- 
tion is  spoken  of  as  the  partition-coefficient.  The  hypothesis 
supposes  that  in  the  living  animal  hypnotic  substances  dispose 
themselves  in  the  same  way.  Now  leciethin  and  cholesterin  are 
the  principle  fat-like  bodies  with  which  we  have  to  deal,  and  these 
are  present  especially  in  nervous  structures ;  they,  therefore, 
represent  the  oil  in  our  experiment  :  the  blood,  lymph  and  other 
tissues  take  the  place  of  the  water.  The  narcotic  will  thus  pass 
into  the  leciethin  and  cholesterin-like  constituents  of  the  cell,  and 
so  change  the  physical  conditions  of  this  "  brain  lipoid  "  and  inter- 
fere with  the  normal  activity  of  the  neuron.  The  anaesthetic  action 
of  a  substance  is,  therefore,  regarded  by  Meyer  as  a  function  of  its 
solubility  in  fat  or  fat-like  compounds,  and  the  hypothesis  may  be 
spoken  of  as  the  partition-coefficient  hypothesis.  In  support  of 
this  hypothesis  it  has  been  shown  by  many  examples  that  all  inert 
chemical  substances  which  can  diffuse  into  living  cells  and  which 
undergo  no  change  in  the  body  are  to  some  extent  narcotic.  This  is 
true,  for  example,  of  such  compounds  as  the  mono-,  di-,  and  tri- 
chlorhydrins,  the  triacetins,  and  many  acid-amides. 

Meyer  and  Overton  have  further  shown  that  if  a  number  of  such 
bodies  are  obtained  and  their  partition-coefiicient  estimated  in 
water  and  fat-like  compounds,  then  this  figure  gives  an  indication 
of  their  narcotic  action.  In  the  following  table,  where  the  partition- 
coefficient  is  in  an  inverse  ratio  to  the  amount  of  drug  necessary 
to  produce  narcosis  in  tadpoles,  this  is  seen  : — 


Name  of  Drug. 

Partition. 
Coeificien  t. 

Amount  of  Drugs  in  Grams 
per  Litre  necessary  to  induce 

Narcosis  in  Tadpoles. 

Trional  . 

.  4.46 

.0018 

Tetronal 

.  4.04 

.0013 

Butyl-chlorate  hydrate 

•  1-59 

.0020 

Sulphonal 

I. II 

.     •  •  .006 

Tri-acetin 

.  0.30 

.01 

Di-acetin 

.  0.23 

.CIS 

Chloral  hydrate 

.  0.22 

.02 

Urethane 

.  0.14 

.04 

Mon-acetin 

.  0.06 

.05 

The  most  powerful  narcotic  substances  are  those  which  combine 
a  very  slight  solubility  in  water  with  a  very  high  solubility  in  olive 
oil  or  "  brain  lipoid."  The  simplest  method  of  determining  the 
degree  of  narcotising  action  of  a  drug  is  to  place  tadpoles  in  different 
solutions  of  the  drug ;  mammalians  are  quite  unsuitable  on  account 
of  differences  in  absorption  and  the  impossibility  of  working  under 
fixed  conditions.  The  partition-coefficient  is  not  easy  to  obtain 
and  must  be  regarded  as  only  approximately  true  for  the  tempera- 
ture at  which  it  is  taken.  If  the  narcotic  is  very  soluble  in  one  or 
other  medium  the  law  digi'esses. 
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This  hypothesis  alone  cannot  explain  the  action  of  the  whole 
of  this  class  of  narcotic  substances,  but  it  is  a  very  important  factor 
to  take  into  account  when  considering  any  individual  member. 
Alcohol  does  not  come  into  hne  with  the  hypothesis  ;  it  is  miscible 
with  water  in  all  proportions,  and  is  only  slightly  soluble  in  oil, 
and  so  should  not  tend  to  accumulate  in  nerve-cells.  Alcohol  is 
not  strictly  a  member  of  the  group  because  it  is  not  inert ;  it  exerts 
an  action  on  proteids,  and  also  it  undergoes  oxidation  in  the  body. 
Alcohol,  then,  probably  acts  specifically  and  not  in  the  same  way 
as  sulphonal.  Chloral  hydrate  is  also  more  readily  soluble  in  water 
than  in  oil,  and  should  be  a  much  inferior  hypnotic  to  sulphonal, 
but  it  is  not.  It  is  supposed  that  chloral  also  has  probably  some 
action  on  the  proteid  constituents  of  the  nerve- cell ;  and  many 
other  exceptions  might  be  given.  Nitrous  oxide  is  more  soluble 
in  oily  substances  than  in  water,  and  this  physical  property  may  be 
in  some  degree  responsible  for  its  anaesthetic  action. 

The  views  given  in  this  section  should  not  be  taken  as  a  complete 
explanation  as  to  how  these  drugs  produce  their  effects,  but  they 
supply  a  useful  hypothesis  and  represent  a  step  forward  towards  a 
correct  understanding. 
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CHAPTER  V 


THE  ACTION  OF  DRUGS  ON  NERVE-ENDINGS 


When  a  di"ug  produces  some  effect  on  an  isolated  organ  the  action 
may  be  either  on  the  organ  itself  or  on  the  nerve-ending  in  the  organ. 
Thus,  in  Fig.  lo,  we  may  suppose  the  drug  to  act  on  the  nerve- 
endings  "  B  "  or  on  the  gland  or  muscle  "  C."    Exactly  what  this 

"  nerve- ending  "  is  we  cannot  say, 
but  we  know  that  there  are  in  the 
organ  at  least  two  points  upon 
which  a  drug  can  act,  and  as  one 
of  these  actions  corresponds  ex- 
actly with  the  effects  obtained  by 
exciting  the  nerve,  we  speak  of 
such  drugs  as  acting  on  the  nerve- 
ending.  The  mechanism  by  which 
a  nerve  sets  an  end  organ  into 
activity  is  at  present  hidden,  but 
there  is  reason  to  think  that  the 
nerve-ending  during  activity  hber- 
ates  a  chemical  substance  which 
by  combination  with  some  meta- 
bolite in  the  end  organ  rouses  it 
into  activity.  Thus  vagal  excita- 
tion stops  the  heart,  because 
some    muscarine  -  like    body  is 

Drugs  may  paralyse  or  excite  by  acting  on    liberated   at   the   Uerve-eudingS  1X1 
the  nerve-cells,  A  ;  on  the  nerve-endings,  B  ;  ^ 
or  on  the  end  organ,  C.  the  heart. 

Without  pursuing  this  subject 
further  we  proceed  to  classify  the  drugs  which  attack  these 
endings.  There  are  first  the  motor  nerve-endings  in  striped 
muscle.  These  can  be  excited  by  either  physostigmine  or  aconi- 
tine.  The  injection  of  either  of  these  drugs  into  an  animal  pro- 
duces spasmodic  twitches  in  the  voluntary  muscles,  which  are 
peripheral  since  they  are  still  obtained  when  the  motor  nerve  is 
cut ;  they  disappear  after  the  injection  of  curare.  Curare  para- 
lyses these  motor-endings,  because  in  a  curarised  animal  ex- 
citation of  the  nerve  has  no  effect  on  the  muscle,  whilst  if 
the  electrodes  are  applied  directly  to  the  muscle  a  normal  con- 
traction ensues.     Drugs  acting  like  curare  are  conine,  methyl- 
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Fig.  io. — Diagram  of  Nerve-end- 
ing IN  A  Secretory  Gland  or 
IN  Plain  Muscle. 
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strychnium,  and  some  others  ;  they  are  of  little  importance  in 
therapeutics. 

A  large  number  of  drugs  excite  the  nerve-endings  in  glands 
and  plain  muscle  throughout  the  body.  These  drugs,  therefore, 
produce  salivation,  sweating,  cardiac  inhibition,  constriction  of 
the  pupil,  augmented  peristalsis,  increased  uterine,  splenic  and 
bronchiolar  contractions,  vaso-constriction,  &c.  Some  such  drugs 
are  muscarine,  pilocarpine  and  physostigmine.  Colchicine  also 
belongs  to  the  same  group,  but  it  has  comparatively  little  effect  on 
glands  and  on  the  heart.  Just  as  curare  antagonises  the  action  of 
physostigmine  on  striped  muscle,  so  atropine  and  its  allies  antagonise 
the  action  of  the  drugs  under  consideration  by  paralysing  the 
nerve-endings.  The  action  of  this  group  of  drugs  on  the  vaso- 
motor nerve-endings  can  be  shown  by  their  perfusion,  first  through 
the  pulmonary  vessels,  and  then  through  the  splanchnic  or  systemic 
vessels.  Now  the  pulmonary  vessels  are  not  innervated,  and  there- 
fore contain  no  nerve- endings,  so  that  the  drugs  pilocarpine  and 
muscarine  produce  no  constriction  of  them,  whilst  they  produce 
marked  constriction  of  the  ordinary  systemic  vessels. 

Certain  drugs  pick  out  and  excite  only  the  sympathetic  nerve- 
endings,  and  in  particular  we  refer  to  adrenalin.  This  drug  is 
considered  elsewhere. 

DRUGS  DEPRESSING  NERVE-ENDINGS 
Belladonna,  Stramonium,  Hyoscyamus 

Belladonna. — The  leaves  and  root  of  Atropa  belladonna  (deadly 
nightshade)  are  ofhcial.  The  chief  active  constituents  are  the  two 
optically  isomeric  bitter  alkaloids  hyoscyamine  and  atropine, 
the  amount  of  which  varies  considerably,  but  is  usually  about 
0.5  per  cent.,  the  greater  proportion  consisting  of  hyoscyamine; 
the  young  roots  are  stated  to  contain  hyoscyamine  only. 

Stramonium. — The  leaves  and  seeds  of  Datura  stramonium  are 
official.  The  principal  active  constituents  are  the  two  crystal- 
line alkaloids  hyoscyamine  and  atropine.  Besides  these  there  is  a 
smaller  quantity  of  a  third  alkaloid  hyoscine.  The  total  alkaloid 
in  the  plant  varies  between  0.3  and  0.4  per  cent. 

Hyoscyamus  consists  of  the  leaves  of  Hyoscyamus  niger  (hen- 
bane). The  chief  constituent  is  hyoscyamine  ;  there  are  also 
present  small  quantities  of  atropine  and  hyoscine. 

The  salts  of  the  alkaloids,  hyoscyamine  sulphate,  atropine  sul- 
phate and  hyoscine  hydrobromide  are  all  official. 

Atropine  is  a  combination  of  the  base  ti"opine  with  tropic  acid 
and  belongs  to  a  class  of  bodies  known  as  the  tropeines.  These 
tropeines  are  esters  like  ethj'l-acetate,  some  occur  in  nature  in 
plants  of  the  Solanacege,  and  others  are  only  formed  in  the 
laboratory. 
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Tropine. 
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Tropine.  Tropic  acid. 


Atropine. 


Tropine  has  none  of  the  typical  properties  of  atropine ;  in  other 
words,  as  soon  as  the  acid  radicle  is  removed  from  atropine  all  its 
characteristic  effects  on  peripheral  nerve  are  absent.  If  however 
some  aromatic  acid  is  allowed  to  combine  with  it,  a  tropeine  is 
formed  and  the  typical  properties  again  recur.  One  of  the  most 
important  of  the-  artificial  tropeines  is  that  which  contains  the 
radicle  of  mandehc  acid,  viz.,  homatropine.  Hyoscyamine  behaves 
much  the  same  as  atropine  and  is  isomeric  with  it.  Hyoscine, 
though  not  isomeric,  is  very  closely  related.  Atropine  consists 
of  a  union  of  an  equal  number  of  molecules  of  the  two  optically 
active  hyoscyamines. 


(1)  Stimulant  action  on  the  central  nervous  system. 

(2)  Paralysis  of  the  terminations  of  certain  nerves,  especially  those 

to  secretory  glands,  -plain  muscle,  and  the  heart. 

The  action  of  atropine  will  be  considered  as  representing  a 
typical  member  of  this  group. 

Local  Action. — When  applied  to  the  skin  atropine  depresses  the 
terminations  of  the  sensory  nerves.  Any  such  effect  however  is 
small  unless  the  drug  is  rubbed  in  with  substances  such  as  alcohol, 
glycerine,  or  fat,  which  aid  absorption.  Local  apphcation  to  the 
skin  also  results  in  some  vaso-dilatation  and  in  paralysis  of  sweat- 
glands.  Atropine  has  been  used  therefore  locally  for  the  relief 
of  pain  in  cases  of  excessive  local  perspiration,  and  to  stop  the 
secretion  of  milk.  Sometimes  after  the  prolonged  application 
of  a  belladonna  plaster  sufficient  atropine  is  absorbed  to  produce 
general  poisoning. 

In  the  mouth  a  small  quantity  of  atropine  is  absorbed,  and  very 
shortly  after  the  administration  of  the  drug  the  mouth  and  throat 
bec(3me  dry  and  there  is  difficulty  in  deglutition  and  articula- 
tion. In  the  stomach  atropine  also  exerts  a  peripheral  effect  on 
the  vagal  nerve-terminals  and  dries  up  secretion.  It  is  very  quickly 
absorbed,  partly  from  the  stomach,  but  more  rapidly  from  the 
duodenum,  and  produces  its  specific  effects. 

Central  Nervous  System. — The  central  nervous  system  is  first 
stimulated  and  then  depressed.  This  can  be  shown  in  both 
animals  and  man.  In  man,  after  a  large  dose,  there  is  general 
excitement,  restlessness,  vertigo,  talkativeness,  laughter  and 
disturbances  of  vision  giving  rise  to  illusions  generally  of  a  pleasing 
character.    These  may  be  followed  by  delirium,  mania,  and  in  some 
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cases,  when  the  dose  is  very  large,  by  convulsions.  After  a  varying 
period  of  excitement  drowsiness  develops,  followed  by  sleep,  which 
passes  on  insidiously  to  coma;  death  ultimately  ensues  from 
respiratory  failure. 

It  will  be  observed  that  the  picture  here  drawn  is  not  very  unlike 
that  in  alcoholic  poisoning,  in  which  the  stage  of  excitement  is  the 
result  of  depression  of  the  highest  centres.  But  the  action  of  atropine 
cannot  be  explained  in  this  way,  because  there  is  evidence  of  direct 
stimulation:  (i)  an  increased  activity  of  the  medullary  centres, 
as  shown  by  the  stimulation  of  respiration  and  the  vaso-constric- 
tion  of  central  origin  ;  {2)  an  increase  of  reflexes  ;  (3)  the  fact  that 
the  motor  area  is  more  readily  excited  by  electricity ;  and  (4)  the 
psychical  centres  are  not  depressed  after  small  doses.  We  must 
therefore  regard  the  action  as  a  true  stimulation  that  affects 
particularly  the  motor  areas  of  the  brain,  which  are  rendered  so 
excitable  that  the  controlling  centres  can  no  longer  hold  them  in 
check.  The  excitation  is  only  evident  to  a  less  degree  on  the  higher 
centres  and  cord.  In  the  frog,  where  the  brain  is  very  poorly  de- 
veloped, the  main  action  is  on  the  cord  :  the  voluntary  and  respira- 
tory movements  soon  cease,  and  later  a  paralysis  of  motor  nerve- 
endings  develops.  This  is  followed,  in  two  or  three  days,  by  a 
stage  of  increased  reflexes  and  clonic  convulsions.  Respiration 
returns  and  the  animal  eventually  recovers. 

Atropine  is  used  in  therapeutics  as  a  stimulant  to  the  brain 
and  medulla  in  conditions  of  depression. 

Secretory  Glands. — Nearly  all  the  secretions  are  diminished 
as  a  result  of  paralysis  of  certain  nerve-endings.    In  the  case  of 
the  salivary  glands  atropine  paralyses  the  chorda  tympani  so  that 
stimulation  of  this  nerve  produces  no  secretion  even  when  the  elec- 
trodes are  pushed  down  into  the  hilus  of  the  gland,  that  is  to  say, 
the  paralysis  is  peripheral  to  the  nerve-cells  on  "  B  "  or  "  C  "  in  Fig.  10. 
But  the  gland- cells  themselves  are  unaffected,  because  sympathetic 
excitation  still  gives  rise  to  secretion,  and  hence  the  drug  must  act 
on  the  peripheral  nerve-endings  (Fig.  11).    Excitation  of  the  chorda 
also  results  in  vaso-dilatation,  but  atropine,  while  picking  out  and 
paralysing  the  secretory  fibres  of  this  nerve,  leaves  the  vaso-motor 
fibres  intact.    The  glands  in  the  mouth,  throat,  nose  and  respiratory 
passages  are  affected  similarly.    The  gastric  and  intestinal  glands 
are  controlled  largely  by  nerve-impulses  carried  by  the  vagus,  and 
this  influence  would  be  eliminated  by  atropine.    In  the  same 
way  the  secretory  nerve  of  the  pancreas,  which  is  very  poorly 
developed,  is  paralysed  ;  but  pancreatic  secretion,  the  result  of 
taking  food,  is  not  affected  directly,  because  the  flow  of  juice  is 
not  nervous  but  due  to  the  absorption  of  secretin,  a  body  which 
acts  directly  on  the  gland-cells. 

A  similar  type  of  paralysis  is  induced  on  the  terminations  of 
the  nerves  to  the  sweat-glands ;  so  that  stimulation  of  the  sciatic 
nerve  in  dogs  and  cats  after  the  administration  of  atropine  produces 
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no  perspiration  on  the  pads  of  the  feet.  The  effect  on  the  glands 
of  the  skin  may  also  be  shown  readily  in  the  frog,  the  skin  of  which 
becomes  drj' a  few  hours  after  receiving  a  small  injection  of  atropine. 
The  action  on  the  secretion  of  bile  and  milk  is  more  uncertain,  but 
the  secretion  is  stated  to  be  diminished  in  each  case. 
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Fig.  II. — Diagram  showing  the  Different  Points  of  Action  of  Drugs 
ON  THE  Submaxillary  Gland.    Reflex  Effects  are  not  shown. 

g  =  gland-cell  ;  Sy  =  sympathetic  nerve  ;  SCG  =  superior  cervical  ganglion  ;  d  =  nerve- 
endings  in  the  gland  ;  Cli  =  chorda  tympani ;  a  =  nerve-cells  and  b  =  ner\-e-endings  in 
the  gland.    The  dotted  line  represents  the  periphery  o£  the  gland. 


a  and  c. 
Nicotine  -|-  — 
Coniine  h — 
Lobeline  -{ — 
Gelsemine  - 
Codeine  - 
Curare  - 
Sparteine  - 


Point  of  Action  of  Drugs. 

6.  rf. 

Pilocarpine  +  Adrenalin 

Physostigmine  +  Cocaine 

Muscarine  + 

Atropine  - 
Hyoscyamine 

Hyoscine  - 

(  -I-  represents  stimulation  and  -  depression.' 


Certain  metals, 
particularly 
Mercur>'. 


Atropine  is  employed  in  medicine  to  diminish  secretion  from  the 
.sweat  and  mammary  glands. 

Plain  Muscle. — It  will  be  convenient  to  describe  first  the  action 
on  the  pupil.  It  is  obvious  from  a  reference  to  Fig.  12  that  the 
condition  of  the  pupil  depends  on  the  relative  tendency  to  contrac- 
tion of  the  two  opposing  muscles  in  the  iris,  the  circular  («?)  and 
radiating  (mj),. 
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A. — Radiating  Muscle  Fibres. 
(i)  Sympathetic  centre. 


g. — Circular  Muscle  Fibres. 
(i)  Centre  for  ocular  motor  nerve 


(2)  Ciliary  ganglion  {d  III). 

(3)  Nerve-endings  in  muscle  (c^ 


(2)  Superior  cervical  ganglion  {d). 

(3)  Nerve-endings  in  muscle  (e). 

(4)  Muscle  (w,). 

(4)  Muscle  (m). 

Stimulation  of  the  circular  muscle  or  any  of  its  nervous  mechanism 
as  in  ("B"),  or  paralysis  of  the  radiating  muscle  under  ("A"), 
results  in  constriction,  and  vice  versa. 

Atropine  induces  wide  dilatation  of  the  pupils,  which  will  react 


c — th] 


Fig.  12. — Diagram  showing  the  Action  of  Drugs  on  the  Pupil. 

Ill  =  third  nerve,  /  being  the  pregangUonic  part  and  £f  the  post-ganghonic  part ;  a  =  nerve- 
cell  in  medulla  and  d  in  the  ciliary  ganglion  ;  e  =  nerve-ending  in  the  circular  muscle  vi  ; 
S.C.G.  is  the  superior  cervical  ganglion,  the  cells  of  which,  d,  terminate  at  e  in  the  radiating 
muscle  nil.  °^  "i^  ii'is. 

Point  of  Action  of  Drugs. 
c.  e.  a.  m  and  hij. 

Pilocarpine      +       Adrenalin  +        Morphine  4-       Barium  + 

Physostigmine  +       Cocaine    +        Camiabis  Indica  -       Veratrine  + 
Colchicine       +  Hypnotics  - 

Muscarine  + 
Atropine  - 
Hyoscyaraine  - 
Hyoscine  - 

(+  represents  stimulation  and  -  depression.) 

no  longer  to  light.  This  action  is  local  because  it  is  obtained  readily 
on  the  excised  eye,  and  further,  if  the  application  of  the  drug  is 
limited  to  one  side  of  the  eye  dilatation  is  observed  only  on  that 
particular  side,  the  rest  of  the  pupil  remaining  contracted.  If 
the  motor  oculi  is  excited  in  an  atropinised  animal  either  centrally 
(/)  or  peripherally  (g)  (Fig.  12)  to  the  ciliary  ganglion,  there  is  no 
contraction  of  the  pupil  but  the  muscle  still  i^eacts  to  electricity, 
.so  that  paralysis  of  the  terminals  of  the  motor  oculi  in  the  circular 
muscle  is  proved.  The  dilatation  is  not  maximal,  since  stimulation 
of  the  sympathetic  gives  rise  to  a  further  small  dilatation.  The 
dilatation  is  of  an  active  kind,  and  is  due  to  the  contraction  of  the 


d. 
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radiating  fibres  when  the  circular  have  lost  their  tonus.  This  may 
be  shown  by  fixing  the  iris  in  two  places  to  the  crystalline  lens, 
when  two  bow-shaped  dilatations  will  result.  To  explain  this  it 
is  quite  unnecessary  to  assume  a  stimulation  of  the  radiating  fibres 
or  the  nerves  going  to  them,  for  the  natural  tonus  is  sufficient  to 
account  for  the  condition.  In  fact,  the  eye  dilates  for  much  the 
same  reason  that  a  limb  becomes  extended  when  all  the  nerves  of 
the  flexor  muscles  are  severed.  Excessive  doses  of  atropine  para- 
lyse muscle,  as  well  as  nerve- endings. 

Accommodation  is  paralysed  also  and  the  eye  remams  focused 
for  distance  :  this  effect  is  the  result  of  paralysis  of  the  nerve- 
endings  in  the  ciliary  muscle;  it  begins  after  and  passes  away  before 
the  affection  of  the  pupU.  Intraocular  tension  is  increased,  as  it 
usuaUy  is  during  dilatation  of  the  pupil;  possibly  the  efferent 
lymph-channels  are  occluded  by  the  muscular  contractions. 

Intestine.— Small  doses  of  atropine  are  said  to  increase  peristalsis, 
whilst  moderate  doses  arrest  the  movements  ;  the  muscle  fibres 
still  retain  their  irritability.  In  animals  the  local  reflexes,  as  well 
as  the  action  of  the  splanchnics  and  vagi  on  the  intestines,  can  be 
obtained  after  fairly  large  doses  of  atropine.  It  is  generaUy  be- 
lieved, but  without  sufiicient  evidence,  that  the  purgative  effects 
sometimes  seen  in  man  after  taking  atropme  are  the  result  of  de- 
pression of  inhibitory  fibres. 

Atropine  is  largely  prescribed  with  other  purgatives  to  prevent 
griping.  Griping  is  caused  by  intense  local  contractions  of  the  gut 
arising  from  the  reflex  irritation  of  the  purgative  in  the  interior  qf 
the  intestine  :  atropine  probably  reheves  the  condition  by  depressing 
some  part  of  the  peripheral  sensory  apparatus,  just  as  we  know  it 
depresses  the  sensory  apparatus  of  the  skin. 

The  peripheral  ends  of  the  vagi  in  the  bronchioles  are  paralysed 
so  that  "asthma"  (constriction  of  the  bronchioles),  whether  pro- 
duced reflexly  through  the  nasal  mucous  membrane  or  directly 
by  'stimulation  of  the  peripheral  vagal  endings,  is  cured  by  the  use 
of  this  remedy  ;  the  bronchioles  relax,  and  the  volume  of  air  enter- 
ing and  leaving  the  lungs  is  increased. 

The  stomach,  spleen,  uterus  and  bladder  behave  in  the  same  way 
as  the  intestines. 

Heart  and  Circulation —Atropine  paralyses  the  peripheral 
terminations  of  the  vagus  in  the  heart.  This  can  be  shown  easily 
in  the  frog  by  placing  on  the  recording  heart  a  drop  or  two  of  a 
I  per  cent,  solution  of  sulphate  of  atropine  ;  in  a  few  minutes  neither 
stimulation  of  the  vagi  nor  the  sinus  (stimulation  peripheral  to  the 
nerve-cells)  induces  inhibition,  although  the  inhibitory  effects  were 
reproduced  typically  before  the  drug  was  applied.  In  mammals 
small  injections  of  atropine  produce  the  same  result :  this  paralysis 
of  the  peripheral  vagal  terminals,  like  section  of  the  vagi,  cuts 
off  the  tonic  inhibitory  influence  of  the  centre  and  the  heart  is 
quickened.    The  increased  rate  will  naturally  only  occur  m  those 
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animals  in  which  there  is  some  tonic  central  effect.  Thus  the 
quickening  is  decided  in  dogs  and  Httle  in  cats,  whilst  in  man  it 
varies  with  the  age  and  disposition,  but  is  usually  greatest  between 
the  ages  of  twenty-five  and  forty.  In  children  under  two  months 
atropine  causes  no  quickening,  and  it  has  also  little  effect  in  old  age. 

It  is  possible  that  besides  this  action  atropine  may  directly 
stimulate  cardiac  muscle,  since  in  minute  amounts  it  slightly 
increases  the  automatic  contractions  of  a  strip  of  frog's  ventricle. 
Any  such  effect,  however,  is  of  comparative  insignificance. 

When  discussing  the  action  of  this  drug  on  the  central  nervous 
system  we  alluded  to  the  stimulation  of  the  medulla.  As  a  result 
of  this  we  should  expect  to  obtain  (i)  a  slower  pulse  :  this  effect  is 
neutralised  completely  by  the  peripheral  paralysis  of  the  vagi, 
nevertheless  some  cardiac  slowing  is  seen  occasionally  in  man  soon 
after  an  administration  of  atropine,  but  is  at  most  very  transient ; 
(2)  a  quicker  and  possibly  deeper  respiration,  and  (3)  vaso-con- 
striction. 

Blood-pressure  rises  mainly  as  a  result  of  this  vaso-constric- 
tion,  which  is  central  in  origin  because  the  rise  is  much  less  after 
section  of  the  cord.  The  pressure  also  tends  to  rise  on  account 
of  the  quickened  heart  ;  the  output  per  beat  remains  about  the 
same,  but  the  output  per  minute  is  increased. 

Constriction  of  vessels  is  pronounced  only  in  the  splanchnic  area. 
The  skin- vessels  are  dilated,  and  this  is  evident  especially  over  the 
blush-area.  Sometimes  a  rash  appears  on  the  face  resembling 
that  of  scarlet  fever,  which  may  be  followed  in  a  day  or  two  by 
desquamation.  The  dilatation  of  the  vessels  of  the  face  is  also 
central  in  origin,  since  it  does  not  occur  if  the  sympathetics  in  the 
neck  are  severed.  The  constriction  of  vessels  in  the  splanchnic 
area  in  all  cases  overshadows  any  vaso-dilator  effect  produced  in 
other  parts  of  the  body. 

Dilatation  of  cutaneous  vessels  associated  with  constriction  of  the 
splanchnics  is  a  not  unusual  effect  with  those  drugs  which  excite 
the  medulla. 

Atropine  is  used  in  some  cases  of  cardiac  disease  in  which  the 
pulse  is  very  slow  and  irregular.  It  is  also  employed  in  the  in- 
hibitory stage  of  poisoning  by  digitalis  and  chloroform. 

Respiration  is  slowed  at  first,  but  the  excitation  of  the  medulla 
soon  causes  it  to  become  quicker  and  somewhat  deeper.  The 
initial  slowing  may  be  due  to  depression  of  the  peripheral  sensory 
vagal-endings  in  the  lungs,  in  which  case  the  effect  is  analogous 
to  that  obtained  on  section  of  the  vagi,  and  results  from  limiting 
the  afferent  impulses  to  the  medulla.  This  is  not  the  only  cause, 
because  an  initial  slowing  may  still  be  obtained  when  the  drug  is 
given  after  section  of  the  vagi.  It  is  more  likely  an  effect  due  to 
dilatation  of  the  peripheral  bronchioles,  whereby  the  resistance  to 
the  passage  of  air  becomes  less.  Atropine  is  used  largely  in  the 
treatment  of  asthma. 
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Temoerature  — It  is  not  uncommon  to  find  a  small  rise  in 
temperature  alter  taking  a  big  dose  of  atropine.  This  is  probably 
a  direct  action  on  the  thermogenic  centre  in  the  corpus  striatum. 
It  cannot  be  due  to  a  diminished  loss  of  heat  because  the  amount 
of  heat  dissipated  is  actually  increased.  In  severe  cases  of  poisoning 
the  temperature  rises  sometimes  very  high,  even  to  107  or  108  1-. 
It  is  this  rise  in  temperature  which  is  responsible  for  the  vaso- 
dilatation of  the  skin- vessels  :  it  is  an  attempt  on  the  part  of  the 
nerve-centres  to  lower  the  temperature  by  increasmg  the  loss  of 

Idiosyncrasy  Tolerance.-Herbivorous  animals  are  very  m- 
susceptible  ;  rabbits,  for  example,  can  feed  on  belladonna  leaves 
without  injury,  but  when  they  in  turn  are  eaten  by  man  they  may 
induce  symptoms  of  poisoning.  ,  ^.    i    1  ^u^w 

Children  take  atropine  well,  and  doses  relatively  large  to  their 
age  can  be  administered.  j  ti, 

A  mild  degree  of  tolerance  has  been  estabhshed  m  dogs.  The 
salivary  glands  first  become  tolerant,  and  later  the  vagus  and  pupil 
A  local  tolerance  is  said  to  be  obtained  for  the  pupil  by  the  constant 
use  of  atropine  drops  {see  chap.  i.). 

Excretion —Atropine  like  most  alkaloids  is  excreted  m  the 
urine  Its  excretion  is  rapid,  and  the  most  deUcate  test  of  its  presence 
is  to  instil  a  little  of  the  urine  into  the  eye  of  a  kitten.  Atropine  may 
also  be  detected  in  minute  quantities  in  the  milk.  After  dilatation 
of  the  pupil,  whether  from  internal  administration  or  local  applica- 
tion, the  aqueous  humour  always  contains  traces  of  the  alkaloid. 

SvmDtoms  —If  we  piece  these  actions  together  we  shaU  obtain 
a  pfcZeTf  the  symptoms  and  signs  observed  after  exhibition  of 

^^La^?doses  in  man  (about  gr.)  quickly  produce  a  hot  dry 
sensation  in  the  mouth  and  throat,  giving  rise  to  thirst,  difficuky 
in  swallowing  and  hoarseness  in  speaking.  The  flow  of  saliva 
ceases,  the  mouth,  tongue  and  skin  become  dry  and  the  face  flushed. 
The  pupfls  slowly  dilate,  vision  becomes  indistinct,  and  the  respira- 
tion and  pulse  are  quickened. 

After  stm  larger  amounts  there  may  be  nausea  and  vomiting  ; 
the  patient  is  quite  unable  to  swallow  though  suffering  from  intense 
thirst,  and  the  voice  is  stammering  and  incoherent.  Vision  becomes 
more  and  more  disturbed  and  may  even  be  completely  lost. 

Soon  the  effect  of  the  drug  on  the  central  nervous  system  is  in 
evidence.  At  first  this  is  shown  by  restlessness,  talkativeness  and 
garrulity,  which  give  place  gradually  to  delirium  of  an  imitative 
fvpe  "  or  to  violent  maniacal  excitement.  At  this  period  twitchings 
of  the  face  and  limbs  are  sometimes  observed,  and  even  tetanic 
convulsions  have  been  noted.  The  stage  of  excitement  slowly  passes 
off  and  is  followed  by  depression.  Sleep  ensues,  and  gradually 
becomes  deeper  until  coma  is  reached.  Should  paralysis  affect 
the  medulla,  death  will  result  from  respiratory  failure, 


HYOSCINE 


81 


Hyoscyamine 

Pure  atropine  and  hyoscyamine  act  in  the  same  way  and  with 
equal  potency  on  the  central  nervous  system  in  mammals.  Atro- 
pine is  more  stimulant  to  the  cord  (frog)  than  hyoscyamine.  Hyos- 
cyamine is  twice  as  powerful  as  atropine  in  its  action  on  nerve- 
endings  in  the  salivary  glands,  heart  and  pupil.  Now  the  action 
of  atropine  is  the  resultant  of  the  action  of  equal  amounts  of 
/-hyoscyamine  (natural  alkaloid)  and  rf-hyoscyamine ;  Igevo-hyoscya- 
mine  is  twelve  to  fourteen  times  as  powerful  as  the  dextro-variety  on 
the  nerve-endings  but  the  dextro-variety  increases  the  reflexes.  So 
that,  speaking  roughly,  the  pharmacological  action  of  J  mg.  atropine 
is  equivalent  to  |-  mg.  /-hyoscyamine,  the  exaggerated  reflexes  which 
are  induced  in  the  frog  by  atropine  being  due  to  dextro-hyos- 
cyamine. 

Hyoscine 

Hyoscine  also  closely  resembles  atropine  in  its  peripheral  actions, 
but  it  acts  more  powerfully,  much  more  quickly,  and  the  effects 
are  of  shorter  duration.  As  little  as  gr.  dilates  the  pupil  in 
eighteen  minutes,  and  this  is  followed  soon  by  ciliary  paralysis. 

The  stage  of  excitement  is  generally  either  very  short  or  absent, 
and  the  second  stage  of  depression  is  pronounced,  showing  itself 
soon  after  administration  by  drowsiness  and  a  desire  for  sleep,  so 
that  this  drug  has  come  to  be  used  as  a  hypnotic.  It  also  differs 
from  atropine  in  that  there  is  no  stimulant  effect  on  the  medulla, 
and  no  stage  in  which  the  excitability  of  the  motor  areas  is  increased 
to  electrical  stimulation. 

The  two  active  hyoscines  which  go  to  form  common  or  racemic 
hyoscine  bear  the  same  relation  to  each  other  as  the  two  hyoscya- 
mines  ;  the  laevo- rotatory  alkaloid  is  intensely  poisonous  to  certain 
peripheral  neurones  whilst  the  dextro-rotatory  is  almost  devoid  of 
action.  Therefore  /-hyoscine  acts  twice  as  strongly  as  the  racemic 
base  on  peripheral  nerve-endings.  Both  optical  isomers  act  in  the 
same  way  on  the  central  nervous  system. 

it  will  be  seen  that  the  three  dmgs  atropine,  hyoscyamine  and 
hyoscine  present  a  series  in  which  the  stage  of  excitement  is  marked 
in  atropine  and  almost  absent  in  hyoscine,  whilst  hyoscyamine 
occupies  an  intermediate  condition.  On  the  other  hand,  hyoscine  is 
much  the  most  depressant  and  atropine  the  least  so. 

Artificial  Tropeines 

Only  one  of  these  needs  mention,  viz.,  homatropine,  which  is  a 
combination  of  tropine  with  mandelic  acid.  It  has  roughly  the  same 
action  as  atropine  but  is  considerably  less  poisonous.  It  is  used 
almost  solely  for  diagnostic  purposes,  to  produce  dilatation  of  the 
pupil  during  examination  of  the  fundus  of  the  eye.    Its  action 
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after  local  application  comes  on  and  passes  off  much  more  rapidly 
than  that  of  atropine. 

MATERIA  MEDICA 
BELLADONNA 

Belladonnae  Folia. 

Preparations 

1.  Succus  Belladonnae. 

Dose,  5  to  15  m. 

2.  Extractum  Belladonnae  Viride. 

Dose,  ^  to  I  gr. 

Belladonnae  Radix. 

Preparations 

1.  Extractum  Belladonnae  Liquidum. — Standardised  to  contain  0.75 

per  cent,  of  the  alkaloids  of  the  root. 

2.  Extractum  Belladonnae  Alcoholicum. — i.o  per  cent,  of  alkaloids. 

Dose,     to  I  gr. 

3.  Tinctura  Belladonnae. — Standardised  to  contain  0.05  per  cent. 

of  total  alkaloids  of  the  root. 
Dose,  5  to  15  m. 

4.  Emplastrum  Belladonnae. — 0.5  per  cent,  of  the  alkaloids. 

5.  Linimentum  Belladonnae. — 0.375  per  cent,  of  alkaloids. 

6.  Unguentum  Belladonnae. — 0.6  of  per  cent,  of  alkaloids. 

7.  Suppositoria  Belladonnae. — Each  contains      gr.  of  the  alkaloids. 

Atropina.    Dose,  7;^^ 

Preparation 

Unguentum  Atropinae. — i  in  50. 

Atropinae  Sulphas. 

Dose,  ^  to  gr. 

Preparations 

1.  Liquor  Atropinae  Sulphatis. — i  per  cent. 

Dose,  I  to  I  m. 

2.  Lamellae  Atropinae. — Each  containing  gr. 

Homatropinae  Hydrobromidum. 

Dose,  ^  to  gr. 

Preparation 

Lamellae  Homatropinae. — Each  containing        gr.  of  homatropinc 
hydrobromide. 

STRAMONIUM 

Stramonii  Semina. 

Preparation 


Extractum  Stramonii. 

Dose,  I  to  I  gr- 
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Stramonii  Folia. 

Preparation 

Tinctura  Stramonii. 

Dose,  5  to  15  m. 

HYOSCYAMUS 

Hyoscyami  Folia. 

Preparations 

1.  Extra ctum  Hyoscyami  Viride. 

Dose,  2  to  8  grs. 

2.  Pilula  Colocynthidis  et  Hyoscyami. 

Dose,  4  to  8  grs. 

3.  Succus  Hyoscyami. 

Dose,  ^  to  I  dr. 

4.  Tinctura  Hyoscyami. 

Dose,  1^  to  I  dr. 

Hyoscinae  Hydrobromidum. 

Dose,        to  j-i^  gr. 

Hyoscyaminae  Sulphas. 

Dose,  ^  to  3^  gr. 

DRUGS  EXCITING  NERVE-ENDINGS 
Pilocarpine.— Muscarine. — Physostigmine. — Colchicine 

PILOCARPINE 

Jabora.ndi  is  the  name  given  to  the  plant  Pilocarpus  pennati- 
folius.  From  Jaborandi  leaves  the  following  alkaloids  can  be 
extracted : — 

1.  Pilocarpine  (CjjN^gH202),  which  is  in  the  Pharmacopoeia  in 
the  form  of  the  nitrate. 

2.  Pilocarpidine  (C^^H^^NgOg),  present  in  the  leaves  in  only  very 
small  quantities.    It  has  a  weak  pilocarpine  action. 

3.  Jaborine. — A  body  supposed  to  possess  an  atropine-Hke 
action. 

4-  Isopilocarpine,  present  in  only  small  quantity  and  acting 
like  weak  pilocarpine. 

Action 

Excitation  of  the  Nerve-endings  to  Glands  and  Plain  Muscle 

Secretory  Glands. — The  secretion  of  the  salivary,  sweat, 
gastric,  pancreatic,  intestinal,  mucous  glands  of  mouth,  nose  and 
respiratory  tract,  ceruminous  and  lachrymal  glands,  is  augmented 
after  the  administration  of  this  drug.  The  milk,  bile  and  urine 
are  not  decidedly  influenced.  The  increased  secretion  applies 
both  to  the  solids  and  watery  constituents,  but  the  increase  in  solid 
secretion  is  less  in  proportion,  than  the  increase  of  water. 

The  mode  of  action  will  be  considered  in  detail  in  the  case  of 
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the  submaxillary  salivary  gland  as  it  is  typically  representative. 
In  the  first  place,  the  increased  secretion  of  saliva  is  not  due  to 
central  sUrnulatio;,  because  it  may  be  obtained  when  all  the  nerves 
are  cut  Nor  is  it  due  to  stimulation  of  the  nerve-ganglia,  because 
pilocarpine  induces  a  big  secretion  when  these  are  paralysed  with 
Sfroti^e  hence  the  drug  must  act  either  on  the  nerve-endmgs  m 
Tgrnd-ceUs  or  on  the'glandular  cells  themselves.  If  the  nerve- 
terminals  of  the  chorda  tympani  are  paralysed  by  atropine  pilo- 
carZe  has  no  influence  on  the  secretion,  yet  the  glands  themselves 
a?e  unaffected,  because  electrical  stimulation  of  the  cervical  sym- 
pathetic gives  a  typical  increase  of  secretion;  hence  we  must  con- 
dude  that  the  diug  stimulates  the  nerve-endings  of  the  chorda 

'^Slfa?is  similarly  increased.  After  a  moderate  dose  i  gr  the 
secretion  begins  on  the  face  and  neck  and  generally  l^ts  after  a 
sing^  dose  from  three  to  five  hours.    In  the  cat  which  sweats  from  the 


Fig  i3._Tracing  of  the  Movements  of  a  Frog's  Stomach. 

At  the  indicated  mark  pilocarpine  was  ap^Ued   and  the  stomach  inunediately  contracted 
and  peristaltic-like  waves  were  produced.    Time,  i  cm.  -  i  mm. 

Tiads  of  its  feet  pUocarpine  induces  secretion  when  the  nerves  are 
St  show  ng  that  the  action  is  not  central.    The  effect  is  again 
ant'agonised  by  atropme,  and  hence  one  concludes  that  the  seat  of 
actkfn  is  the  peripheral  nerve-endings     There  axe  certain  condi- 
tions which  present  difiiculties  to  this  simple  explanation.  I 
pilocarpine  is  injected  into  people  who  have  received  some  spina 
Fn  ury,  sweating  only  occurs  above  the  area  supplied  by  nerves 
Sm  the  affected  part,  whereas  in  the  lower  part  of  the  body  the 
weating  is  shght  or  absent.    The  line  of  demarcation  so  produced 
is  sufiiaently  definite  to  make  such  in]ec  ions  of  use  m  the  d  ag^ 
nosis  of  the  position  of  cord-lesions.     It  is  probable  that  such 
central  lesions  produce  an  inhibitory  action  on  the  sweat-glands. 

tL  pancreatic  secretion  is  increased  very  shghtly  :  it  ;s  Possible 
that  this  is  due  to  the  muscular  contraction  of  the  walls  of  the  due 
Bronchial  secretion  is  shown  by  the  rhonchi  and  crepitations  wh^ch 
can  be  heard  over  the  whole  chest.  The  sugar  in  both  the  milk 
and  blood  is  stated  to  be  increased.  Weight  is  reduced  largely  as 
a  result  of  these  effects.  .  , 

This  increased  activity  of  the  submaxillary  gland  is  accompamed 
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l)y  vaso-dilatation  ;  this  is  probably  brought  about  by  the  direct 
action  of  pilocarpine  on  the  vessels  and  is  not  secondary  to  increased 
activity,  as  in  many  other  glands. 

Atropine  in  all  cases  antagonises  the  effect  of  pilocarpine  on 
glands,  and  if  sufficient  atropine  to  completely  paralyse  the  se- 
cretory nerves  is  administered  first,  no  amount  of  pilocarpine  can 
antagonise  the  effect. 

Pilocarpine  is  said  to  increase  the  rate  of  growth  of  the  hair. 

Plain  Muscle. — The  motor  nerve-endings  to  all  plain  muscle 
are  stimulated,  i.e.,  there  is  increased  tonus  and  augmented  auto- 


FiG.  14.— Cat,  A.C.E.    Action  of  Pilocarpine  on  the  Bronchioles. 

Right  vagus  cut.  Shows  the  effect  of  injecting  0.0075  grm.  pilocarpine  nitrate.  Upper 
tracing  =  king-volume,  lower  =  B.-P.  Constriction  of  the  bronchioles  limits  the  air  entering 
and  leaving  the  lungs.  The  B.-P.  falls  from  cardiac  inhibition.  Both  these  effects  are  pro- 
duced by  excitation  of  the  vagal-endings.    Time  =  sees.    (Brodie  and  Dixon.) 


matic  movements.  This  may  be  readily  demonstrated  on  "  ring 
preparations  "  of  the  frog's  stomach,  to  which  the  application  of  a 
little  pilocarpine  solution  produces  an  effect,  as  seen  in  Fig.  13. 

If  the  preparation  is  painted  first  with  0.05  per  cent,  cocaine 
solution,  the  pilocarpine  induces  no  augmented  contraction.  The 
cocaine  paralyses  the  nervous  mechanism  only,  and  does  not  affect 
the  muscle  because  barium,  which  acts  on  this  tissue,  is  still  capable 
of  producing  its  ordinary  contraction.  All  plain  muscle  is  affected 
in  the  same  manner.  As  a  result  of  the  increased  movements  on 
the  alimentary  tract  there  may  be  nausea  and  vomiting,  colicky 
pain  and  diarrhoea.  The  bronchioles  are  gradually  constricted 
and  the  amount  of  air  entering  and  leaving  the  lungs  is  enormously 
diminished ;  as  the  force  of  expiration  is  relatively  insignificant  in 
comparison  with  that  of  inspiration,  the  lungs  soon  become  over- 
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distended  and  a  typical  "asthma"  is  developed.  Pilocarpine  is 
sometimes  employed  in  the  treatment  of  asthma  with  beneficial 

results.  This  is  not  difficult  to 
understand.  The  bronchioles  are 
supplied  by  two  sets  of  fibres 
running  in  the  vagus,  broncho- 
constrictors  and  broncho  -  dila- 
tors. Pilocarpine  excites  the 
nerve-endings  of  both  of  these 
sets  of  fibres,  and  in  the  normal 
animal  broncho  -  constriction 
overshadows  the  inhibitory 
effect.  But  if  for  any  reason 
the  broncho  -  constrictor  fibres 
have  been  in  action  some  time 
so  that  the  nerve  -  endings  are 
fatigued,  then  excitation  of  the 
vagus  or  the  administration  of 
pilocarpine  induces  broncho - 
dilatation. 

The  effect  on  the  bladder, 
uterus  and  spleen  call  for  no 
special  comment. 

Pupil. — Pilocarpine  contracts 
the  pupil :  this  is  readily  shown 
by  extirpating  a  frog's  eye  and 
placing  it  in  a  i  per  cent,  solu- 
tion in  the  dark.  Therefore,  the 
effect  is  peripheral,  and  -as  the 
sympathetic  is  not  paralysed  the 
action  must  be  either  upon  the 
terminations  of  the  third  nerve 
or  upon  the  circular  plain 
muscle  of  the  iris;  but  as  the 
effect  is  eliminated  entirely  after 
a  proper  dose  of  atropine,  whilst 
the  muscle  is  still  responsive  to 
direct  electrical  stimulation,  the 
point  of  action  must  be  the 
nerve-terminals,  Fig.  12  {cj.  phy- 
sostigmine).  The  nerve-endings 
in  the  cihary  muscle  are  stimu- 
lated also,  and  the  lens  is, 
therefore,  accommodated  for 
short  distance  sight.  As  a  re- 
sult of  the  contraction  of  the  pupil  intraocular  pressure  is  di- 
minished although  there  may  be  a  transient  initial  stage  of 
increased  pressure. 


< 

w  <  .a  o 
H  Z    "  i" 

Z  o  2  ST 
S  O  ^  o 

> 

O  W 

<^  H 

W 
K 
H 

O 
O 

z 

u 


'2  " 

.„  o 


8.2 


PILOCARPINE 


87 


Circulatory  System. — The  characteristic  effect  on  the  heart  is 
well  shown  in  the  frog.  The  rate  is  diminished  at  once  by  pilo- 
carpine, diastole  is  much  prolonged  and  systole  shortened  ;  the 
effect  is  the  same  as  that  produced  by  stimulating  the  vagus  with  an 
electric  current.  The  seat  of  action  is  the  terminals  of  the  vagus, 
because  if  a  weak  solution  of  atropine  is  dropped  on  a  heart  pre- 
viously slowed  by  pilocarpine  the  rate  of  contraction  is  quicldy 
increased.  The  effect  cannot  be  on  the  nerve-cells  as  at  one  time 
supposed,  because  pilocarpine  slows  the  rhythmically  contracting 
apex  of  the  frog's  ventricle,  which  contains  none.  Larger  doses  of 
pilocarpine  may  ultimately  induce  paralysis  of  the  vagal  terminals. 

The  effect  of  intravenous  injections  in  mammaha  is  similar 
to  that  already  described.  The  heart  is  slowed  by  the  peripheral 
vagal  stimulation,  and  as  a  consequence  of  this,  blood-pressure  falls. 
Atropine  immediately  restores  the  former  condition  of  affairs, 
that  is,  it  quickens  the  heart ;  but  the  blood-pressure  rises  much 
higher  than  before,  and  this  is  due  to  the  vaso-constriction  induced 
by  the  pilocarpine,  which  is  not  antagonised  by  atropine. 

The  peripheral  vessels  of  the  body  are  dilated  especially  over  the 
head  and  neck,  but  in  the  splanchnic  area  and  in  the  limbs  there 
is  some  vaso-constriction. 

When  pilocarpine  is  administered  in  small  doses,  either  by  the 
mouth  or  subcutaneously,  some  quickening  of  the  heart  occurs,  and 
this  is  the  usual  therapeutic  effect.  Pilocarpine  excites  both  the 
vagal  and  sympathetic  endings  in  the  heart.  When  the  drug 
reaches  the  heart  very  slowly,  as  it  does  when  it  is  given  by  the 
mouth,  the  sympathetic  stimulation  is  dominant  and  the  heart- 
beat quickens  ;  whereas,  when  the  dose  is  large  or  when  the  pilo- 
carpine is  injected  into  the  circulation  the  vagal  action  is  dominant 
and  the  heart  is  slowed  (Fig.  16). 

The  action  of  pilocarpine  on  the  sympathetic  endings  induces 
vaso-constriction.  This  is  best  shown  by  perfusing  some  organ 
such  as  the  intestines  or  kidney,  and  it  will  be  found  that  when  a 
httle  of  the  alkaloid  is  added  to  the  perfusing  fluid  the  outflow  from 
the  vem  is  decidedly  and  rapidly  diminished.  Therapeutic  doses 
of  p'locarpine,  therefore,  tend  to  raise  blood-pressure :  (i)  because 
the  heart  is  slightly  accelerated;  (2)  because  of  vaso-constriction. 

Blood.— Pilocarpine  gives  rise  to  alymphocytosis,  that  is,  it 
increases  the  number  of  those  white  blood  corpuscles  in  the  blood 
which  are  derived  from  the  spleen  and  lymphatic  glands.  Lympho- 
cytosis is  quite  distinct  from  ordinary  leucocytosis  which  is  pro- 
duced by  such  substances  as  colchicine  and  is  the  expression  of  a 
chemiotactic  action.  It  is  possible  that  the  action  of  the  drug 
on  the  involuntary  muscle  of  the  spleen  and  lymphatic  glands 
resulting  in  their  constriction  may  be  responsible  for  this  lympho- 
cytosis. 

The  specific  gravity  of  the  blood  is  considerably  increased  by  the 
loss  of  fluid  from  the  tissues. 
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Central  Nervous  System.— These  effects  are  quite  insignificant 

and  are  overshadowed  entirely  by  the  peripheral  actions.  In 


frogs  pilocarpine  gives  rise  to  convulsions,  and  in  mammalia  slight 
convulsive  movements  may  be  seen  especially  if  the  drug  is  in- 
jected intravenously.    Muscular  weakness  of  central  origin  develops 
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in  the  later  stage.  These  effects  are  of  Httle  importance,  except  in 
cases  of  poisoning. 

Symptoms. — We  are  now  in  a  position  to  examine  the  symptoms 
which  will  ensue  from  a  dose  of  pilocarpine  whether  given  by  the 
mouth  or  subcutaneously.  Marked  salivation,  perspiration  and 
flow  of  tears  are  soon  evident.    The  sweating  begins  on  the  face, 


Fig.  17. — Dog.    Movements  of  Ventricle  (ijppER  Tracing)  and 
Auricle  (Lower  Tracing). 

At  "  A  "  a  small  injection  of  muscarine  was  given,  and  the  vagal  inhibitory  fibres  were  power- 
fully excited,  so  that  the  auricle  was  completely  inhibited  in  diastole,  and  the  ventricle  beat 
very  slowly  and  irregularly.  At  "  B  "  atropine  was  injected  into  a  vein,  and  the  effects  of 
inhibition  passed  off.    Pilocarpine  produced  au  effect  very  similar  to  that  of  muscarine. 

and  together  with  the  salivation  lasts  from  three  to  five  hours.  The 
pulse  and  respiration  are  quickened.  With  larger  doses  nausea, 
vomiting,  painful  colic,  and  profuse  watery  diarrhoea  ensue.  The 
pupil  is  contracted  and  the  pulse  may  now  be  slow.  Respiration 
becomes  dyspnceic  and  rhonchi  are  heard  all  over  the  chest,  a  result 
of  the  free  secretion  from  the  bronchial  mucous  membrane.  'The 
chest  is  over-distended  and  exhibits  all  the  characteristics  of  an 
attack  of  spasmodic  asthma,  which  indeed  is  practically  what  is 
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present.  Tremors,  convulsions,  and  muscular  weakness  may  occur 
later,  and  death  results  from  asphyxia. 

MUSCARINE 

Muscarine  has  much  the  same  action  as  pilocarpine.  It  stimu- 
lates the  same  nerve-endings,  but  the  stimulation  of  the  cardiac 
vagus  and  of  involuntary  muscle  is  generally  of  a  much  more  intense 
character,  whilst  the  effect  on  glands  is  not  so  evident.  It  is  extremely 
toxic,  but  difficult  to  obtain  sufficiently  pure  and  reliable  for  medical 
purposes.  Certain  cases  of  fungus  poisoning  are  due  to  this  body, 
and  in  these  the  characteristic  symptoms  consist  of  violent  vomiting 
and  diarrhcea,  asthmatical  respiration,  followed  by  coma,  convul- 
sions and  death. 

PHYSOSTIGMINE 

Calabar  Beans  are  the  ripe  seeds  of  Physostigma  venenosum. 
They  contain  about  0.25  per  cent,  of  an  alkaloid  physostigmine 
or  eserine,  as  well  as  two  other  alkaloids  which  are  probably  de- 
composition products  of  physostigmine.  The}'  are  calabarine, 
which  is  present  in  only  minute  quantities  and  has  a  strychnine- 
like action  in  frogs,  and  eseridine,  which  is  similar  in  action  to  physos- 
tigmine but  less  toxic.  Physostigmine  differs  from  pilocarpine 
in  that  it  exerts  a  stimulant  effect  on  nerve-endings  going  to  striped 
muscle,  a  more  pronounced  action  on  the  peripheral  blood-vessels, 
and  a  direct  effect  on  cardiac  muscle.  Physostigmine  and  pilo- 
carpine resemble  one  another  in  their  action  on  involuntary  muscle 
and  on  secretory  glands. 

Striped  Muscle, — Physostigmine  gives  rise  to  peculiar  tremors 
or  frbrillary  contractions  of  striped  muscles  :  they  begin  in  the  hind 
limbs  and  later  spread  to  all  the  muscles.  These  tremors  are  peri- 
pheral in  origin  as  they  are  still  evident  after  section  of  the  nerve 
going  to  the  part ;  but  if  the  motor  nerve-endings  are  paralysed 
completely  with  curare  they  disappear.  One  must  conclude, 
therefore,  that  the  action  of  this  diTig  is  on  the  peripheral  nei've- 
endings  :  their  irritability  is  heightened  to  such  an  extent  that  at 
last  they  discharge  stimiili  automatically  into  the  muscles.  Some- 
times these  twitchings  are  so  severe  as  to  simulate  con\ailsions. 
Physostigmine  also  exerts  an  action  on  the  muscle-fibre  because 
its  irritability  remains  exaggerated  even  after  curare;  that  is  to 
say,  a  smaller  stimulus  than  before  is  required  to  produce  an  equal 
contraction.  The  working  power  of  the  muscle  is  also  said  to  be 
augmented. 

Plain  Muscle.— It  will  be  convenient  to  examine  the  action  of 
physostigmine  on  the  eye  in  some  detail,  partly  because  it  has 
received  so  much  attention,  and  partly  because  the  effect  may  be 
taken  as  typical  of  that  upon  other  plain  muscle. 

When  the  alkaloid  is  applied  directly  to  the  conjunctiva  it  causes 
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great  constriction  of  the  pupil.  This  effect  is  local,  because  it  can 
be  produced  after  cutting  all  the  nerve-libres  or  by  immersing  a 
freshly  excised  eye  in  a  dilute  j^hysostigmine  solution.  As  the 
sympathetic  nerve  is  not  paralysed  or  otherwise  affected  the  con- 
striction must  be  the  result  of  stimulation  of  the  nerve-endings 
of  the  motor  oculi,  or  a  direct  effect  on  the  muscle  of  the  iris,  and 
both  these  views  are  still  held.  There  can  be  little  doubt  that 
the  constriction  is  the  result  mainly  of  peripheral  nerve-stimulation, 
and  this  for  two  reasons  : — (i)  If  all  the  ciliary  nerves  are  cut  and 
allowed  to  degenerate  completely  physostigmine  produces  no  con- 
traction, although  the  muscle  of  the  iris  is  intact,  as  can  be  shown 
by  its  response  to  electrical  excitation  and  certain  drugs  ;  (2) 
after  the  application  of  a  large  quantity  of  atropine  to  the  eye, 
so  that  the  pupil  is  widely  dilated,  physostigmine  fails  to  produce 
any  effect  although  the  muscle  can  be  shown  to  be  unaffected. 
Physostigmine  also  stimulates  the  nerve-endings  in  the  ciliary 
muscle  and  produces  a  spasm  of  accommodation.  The  intraocular 
pressure  is  considerably  reduced  as  a  result  of  the  contracted  pupil. 
Anderson  has  shown  recently  that  if  the  ciliary  ganglia  be  removed 
completely  from  animals,  after  a  few  weeks  rest  the  local  applica- 
tion of  physostigmine  to  the  eye  produces  no  contraction  to  the 
pupil,  whilst  pilocarpine  induces  decided  contraction.  This  can 
only  mean  that  the  body  or  metabolite  upon  which  the  physostig- 
mine acts  is  absent,  whilst  that  acted  on  by  the  pilocarpine  is  present. 
The  two  alkaloids  do  not  bring  about  their  action  in  an  identical 
fashion.  Nevertheless  physostigmine  is  not  without  effect  on  such 
an  eye,  for  after  its  application,  although  the  pupil  does  not  contract, 
the  light  reflex  returns.  This  may  be  an  effect  on  muscle-irrita- 
bility analogous  to  that  induced  by  the  drug  on  striped  muscle. 

All  other  plain  muscle  is  affected  in  much  the  same  way. 
Vomiting  is  common,  a  result  of  the  increased  gastric  movements. 
Peristalsis  is  exaggerated,  food  is  hurried  along,  therefore  no  time 
is  allowed  for  the  absorption  of  fluid,  and  so  a  watery  diarrhoea 
occurs.  The  automatic  bladder  movements  are  augmented  and 
the  tone  increased.  The  bronchioles  constrict,  the  uterus  and  gall- 
bladder also  show  increased  automatic  movements.  That  the 
effect  in  all  these  cases  is  local  can  be  shown  by  the  direct  applica- 
tion of  the  drug  to  the  part,  when  in  each  case  contraction  of  the 
plain  muscle  results.  Here,  as  in  the  case  of  pilocarpine,  the  effects 
are  antagonised  by  atropine. 

Secretions. — All  the  secretions  are  increased  in  much  the  same 
way  as  with  pilocarpine.  The  submaxillary  gland  may  be  taken 
again  as  a  typical  example.  Physostigmine  when  injected  into  a 
vein  gives  rise  to  an  immediate  increase  in  the  rate  of  secretion. 
This  is  not  due  to  central  or  reflex  mechanisms,  because  it  occurs 
after  section  of  the  nerves.  Neither  is  it  an  effect  on  ganglionic 
cells,  because  the  increased  secretion  may  still  be  obtained  when 
these  are  paralysed   with  nicotine.    The  action   must  therefore 
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be  on  the  gland-cells  or  on  the  peripheral  nerve-endings.  But 
if  the  nerve-terminals  are  paralysed  completely  by  a  large  dose  of 
atropine,  physostigmine  fails  to  produce  any  secretion,  i.e.,  both 

these  drugs  affect  some  part 
of  the  endings  of  the  chorda 
tympani,  and  there  is  reason 
to  think  that  the  seat  of  ac- 
tion of  atropine  is  more  peri- 
pheral than  that  of  physostig- 
mine. Smaller  amounts  of 
atropine  may  so  affect  the 
chorda  tympani  that  while 
electrical  excitation  gives  rise 
to  no  secretion,  physostigmine 
in  large  amounts  not  only  in- 
duces a  secretion  but  removes 
the  effects  of  the  atropine,  so 
that  electrical  stimulation  once 
again  gives  rise  to  a  secre- 
tion of  saliva. 

Hence  these  two  drugs  are 
to  a  certain  extent  mutually 
antagonistic,  but  the  antag- 
onism of  atropine  to  physo- 
stigmine is  much  greater  than 
that  of  physostigmine  to 
atropine.  Both  the  solid  and 
liquid  parts  of  the  secretion 
are  increased,  but  the  in- 
crease of  the  water  is  greater 
in  proportion  than  that  of  the 
solids. 

The  sudoriferous  pancreatic 
mucous  and  lachrymal  glands 
are  affected  similarly,  but  the 
milk,  bile  and  urine  are  prob- 
ably not  altered. 

Circulation.— The  effect  on 
the  circulatory  sj'stem  is  a 
little  different  from  that  of 
pilocarpine.  In  the  frog,  the 
direct  application  of  physo- 
stigmine to  the  heart  results  in 
a  slower  and  stronger  beat.  This  is  mainly  the  result  of  a 
direct  effect  on  the  heart-muscle,  as  it  can  still  be  obtained  after 
the  vagal  terminals  have  been  paralysed  with  atropine.  Indeed,  in 
the  case  of  the  frog,  the  vagus  appears  to  be  depressed  rather 
than  stimulated,  .since  vagal  excitation  produces  no  cardiac  slow- 
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-Cat.    Intestinal  Volume 

AND  B.-P. 

At  "  A  "  a  small  injection  of  physostigmine  was 
made  into  the  jugular  vein.  The  B.-P.  rose  from 
vaso-constriction.  The  figure  also  shows  a  second 
sudden  rise  in  pressure  due  to  the  onset  of  convulsive 
tremors  resulting  from  excitation  of  the  motor  nerve- 
endings.  The  lower  tracing  shows  the  B.-P.  only, 
some  minutes  later.  Atropine  was  administered  at 
"  B  "  when  the  heart  beat  more  rapidly  and  the 
pressure  lose.    Time  =  sees. 
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ing  after  the  application  of  a  i  per  cent,  solution  of  physostigmine 
to  the  heart. 

In  mammalia  the  pulse-rate  is  slowed  also,  and  the  blood-pressure 
is  raised.  The  slowing  is  due  partially  to  vagal  stimulation,  because 
if  the  weakest  faradic  current  which  applied  to  the  vagus  induces 
inhibition  is  determined,  and  if  then  physostigmine  is  injected. 
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a  weaker  current  will  give  the  same  effect.  This  is  only  the  case  with 
small  doses  of  physostigmine,  larger  amounts,  as  in  the  frog,  depress 
the  vagal  endmgs.  This  is  not  the  only  cause  of  the  slowing,  since, 
as  in  the  frog,  it  is  still  obtained  when  the  vagi  are  paralysed  with 
atropine,  and  hence  either  there  is  a  direct  action  on  cardiac  muscle 
or  an  excitation  of  the  sympathetic  (accelerator)  endings. 

The  rise  of  blood-pressure  is  the  result  of  vaso-constriction  : 
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it  is  mainly  peripheral,  as  constriction  of  vessels  can  be  seen  in  a 
loop  of  intestines  after  section  of  both  splanchnic  nerves.  If  a 
loop  of  gut  or  the  limb  of  a  cat  is  perfused  artificially,  the  addition 
of  a  small  amount  of  physostig  mine  to  the  perfusing  fluid  produces 
an  immediate  diminution  in  the  outflow.  This  effect  can  be  ob- 
tained also,  after  perfusing  the  pulmonary  vessels,  so  that  some 
portion  (probably  most)  of  its  action  on  vessels  is  a  direct  one  on 
the  muscle-fibre. 

Central  Nervous  System. — When  injected  into  either  mammals 
or  frogs,  muscular  weakness  and  loss  of  reflexes  are  two  of  the 
characteristic  effects  obtained,  and  they  result  from  depression  of 
the  central  nervous  system.  The  depression  begins  in  the  lower 
centres  (cord)  and  spreads  upwards,  so  that  consciousness  is  pre- 
served until  the  end.  In  the  cat  some  excitement  follows  injections 
of  physostigmine,  and  this  has  led  to  the  statement  that  there  is  an 
initial  stage  of  stimulation. 

Certain  ptomaines — choline,  neurine,  spermine  and  some  others — 
might  be  classified  in  this  group  ;  they  have  no  therapeutic  im- 
portance. 

Colchicine  is  also  a  member  of  the  group,  but  it  has  other  actions 
which  render  necessary  its  further  description. 


MATERIA  MEDICA 
JABORANDI 

Jaborandi  Folia. 

Preparations 

1.  Extractum  Jaborandi  Liquidum. 

Dose,  S  to  IS  m. 

2.  Tinctura  Jaborandi. 

Dose,  ^  to  1  dr. 

Pilocarpinae  Nitras. 

Dose,  tV  to  Igr.  bythe  mouth,  ^-L  to  ^  gr.  hypodermically. 

CALABAR  BE-AN 

Physostigmatis  Semina. 

Preparation 

Extractum  Physostigmatis. 
Dose     to  I  gr. 

Physostigminae  Sulphas. 

Dose,      to  gr- 

Preparation 

Lamella  Physostigminae. — Physostigmine  sulphate,  gr. 
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COLCHICUM 

Colchicum  corm  is  the  underground  stem  of  the  meadow  saffron 
Colchiciim  autumnale.  The  active  constituent  of  the  drug  is 
the  alkaloid  colchicine,  of  which  it  contains  about  0.5  per  cent. 
Colchicum  seeds  contain  more  colchicine,  0.5  to  i  per  cent. 

When  the  drug  is  taken  by  the  mouth  it  gives  rise  at  once  to 
certain  symptoms  comparable  with  those  produced  by  pilocarpine. 
It  excites  the  same  mechanism  in  plain  muscle  and  in  glands. 
The  first  effect  is  an  increase  of  the  peristaltic  movements  of  the 
intestines,  and  therefore  the  first  signs  to  be  observed  are  generally 
vomiting  and  diarrhoea.  These  effects  are  produced  in  exactly 
the  same  manner  as  they  are  with  pilocarpine,  and  they  are  abolished 
by  the  administration  of  a  little  atropine.  The  other  forms  of 
plain  muscle  are  affected  in  the  same  way ;  increased  automatic 
movements  and  increased  tonus  are  seen  in  the  spleen,  uterus 
and  bronchioles. 

The  nervous  mechanism  to  glands  and  to  the  heart  is  also  ex- 
cited a  little,  but  to  nothing  like  the  same  extent  as  with  pilocarpine  ; 
and,  indeed,  when  the  drug  is  given  by  the  mouth  the  glands  and 
heart-rate  remain  practically  unaltered. 

Colchicine  exerts  a  further  more  insidious  and  remarkable  action 
on  the  central  nervous  system  after  a  latent  period  of  from  one 
to  three  hours.  No  matter  how  the  drug  is  administered,  subcu- 
taneously,  by  the  mouth,  or  into  a  vein,  nor  in  what  doses  it  is  given, 
these  symptoms  cannot  be  induced  sooner.  In  this  respect  this  most 
remarkable  "slow  poison"  resembles  the  toxins.  Now  the  toxins, 
so  long  as  they  remain  in  the  circulation,  do  not  influence  the  nerve- 
cells  :  they  are  absorbed  by  the  peripheral  neurones  and  gradually 
pass  along  the  axis  cylinders  to  the  nerve-cells.  It  is  possible  that 
this  is  the  explanation  of  the  slow  action  of  colchicine.  At  all 
events,  after  this  latent  period  a  motor  and  sensory  paralysis  gradu- 
ally supervenes,  and  death  ultimately  ensues  from  respiratory 
failure. 

Jacobi  has  shown  that  colchicine  becomes  changed  to  oxydi- 
colchicine  both  by  the  slow  action  of  air  and  light  and  by  nascent 
oxygen.  He  further  showed  that  when  it  is  perfused  through  the 
kidney  it  rapidly  undergoes  a  similar  change.  He  concludes  that 
the  oxidation  occurs  normally  in  the  living  body. 

Colchicine  is  only  very  slightly  toxic  to  frogs,  but  oxycolchicine 
IS  very  toxic  :  the  activity  of  the  drug  would  seem  to  be  due  to  oxydi- 
colchicine  which,  in  the  case  of  cold-blooded  animals,  is  not  produced 
m  the  body  from  colchicine.  If  a  little  oxycolchicine  is  injected 
mto  a  frog,  and  after  a  few  minutes  it  is  prompted  to  leap,  it  per- 
forms the  act  in  the  usual  way,  and  with  vigour,  but  the  thighs 
rcmam  extended,  and  are  only  slowly  drawn  up  again;  and  at  the 
same  time  fibrillary  twitchings  are  evident  in  the  muscles.  These 
phenomena  recall  the  effect  of  veratrine  in  the  frog.    The  similarity 
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is  the  more  complete  since  this  drug  prolongs  the  simple  muscle- 
twitch  of  the  isolated  nerve-muscle  preparation  in  exactly  the  same 
way  as  veratrine  or  barium  salts.  Later  the  frog  gets  convulsions, 
and  dies  from  paralysis  of  the  central  nervous  system. 

Colchicine  has  a  very  decided  action  on  leucocytosis.  At  first, 
for  a  period  lasting  about  an  hour,  it  expels  the  leucocytes  from  the 
circulation,  hypoleucocytosis.  During  this  period  the  corpuscles 
collect  in  various  tissues  of  the  body,  especially  in  the  bone-marrow, 
and  lungs.  The  leucocytes  soon  begin  to  increase  again  in  the  peri- 
pheral circulation  until  there  is  a  very  decided  augmentation  in  their 
number   (hyperleucocytosis)   (Fig.   20).     The  alterations  in  the 
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Fig.  20.— Graphic  Representation  of  the  Number  of  Leucocytes 
IN  THE  Peripheral  Circulation  of  a  Rabbit. 

Ordinates  =  number  of  leucocytes,  abscissa;  =  time  in  hoiirs.  The  average  mmiber  at  first 
was  5500.  Colcliicine  0.006  grm.  was  then  given  subcutaneously,  and  after  a  short  stage  of 
hypoleucocytosis  the  leucocytes  rapidly  increase,  reaching  a  maximum  in  about  twelve 
hours.    If  taken  by  the  mouth  the  effect  is  much  diminished. 

number  of  the  leucocytes  occur  almost  entirely  in  the  poly-mor- 
phonuclear  variety,  the  lymphocytes  undergoing  little  or  no  altera- 
tion in  number.  In  consequence,  when  the  circulation  contains 
an  excess  of  these  polynuclear  corpuscles  the  bone-marrow  shows  a 
diminution  in  their  number.  A  further  effect  of  this  drug  is  to 
excite  karyokinesis.  The  exact  significance  of  this  action  on  the 
marrow  cannot  be  adequately  determined  at  present;  but  it  should 
not  be  regarded  as  specific  to  the  leucocytes,  but  rather  a  type 
of  the  action  which  goes  on  to  a  greater  or  less  degree  in  other 
tissues  of  the  body,  but  is  necessarily  more  easily  investigated  in  the 
wandering  cells  of  the  blood. 

Colchicum  is  regarded  as  a  specific  remedy  in  cases  of  acute  gout. 
Gout  is  a  disease  in  which  the  tissues  form  an  excess  of  uric  acid, 
and  it  was  supposed  formerly  that  the  benefit  of  colchicum  de- 
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pended  on  increased  excretion  of  uric  acid  by  the  urine.  Col- 
chicum  does  not  increase  the  excretion  of  either  the  uric  acid  or 
water  of  the  urine,  and  so  some  other  hypothesis  is  necessary  to 
account  for  its  beneficial  influence.  It  is  possible  that  this  benefit 
may  be  brought  about  by  its  action  on  the  connective  tissue-cells 
and  white  blood-corpuscles,  or  it  may  be  a  nervous  effect. 

The  symptoms  of  poisoning  by  colchicum  are  those  of  gastro- 
intestinal irritation — vomiting  and  purging,  and  these  alone  maybe 
responsible  for  collapse  and  death.  Smaller  doses,  after  a  long 
latent  period,  produce  death  by  central  nervous  paralysis. 

MATERIA  MEDICA 

Colchici  Cormus. 

Dose,  2  to  5  grs. 

Preparations 

1.  Extractum  Colchici. 

Dose,  ^  to  I  gr. 

2.  Vinum  Colchici. 

Dose,  10  to  30  m. 

Colchici  Semina. 

Preparation 
I.  Tinctura  Colchici  Seminum. 
Dose,  5  to  15  m. 

Colchicine.    (Not  o£5.cial.) 

Dose  j-^^  to  ^  gr. 
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DRUGS  ACTING  ON  CERTAIN  NERVE-CELLS 

coniine,  nicotine,  lobeline,  curarine,  sparteine,  gelsemine, 
and  some  allies  of  morphine 

General  Action 
All  these  drugs  have  a  great  similaritj^  in  their  action  :  they  all 
induce  : — 

(1)  Depression  and  ultimately  paralysis  of  certain  nerve-cells. 

(2)  Depression  or  paralysis  of  motor  nerve- endings. 

(3)  Convulsions  which  are  spinal  in  origin. 

Blood-pressure  and  Circulation. — These  alkaloids  lower  blood- 
pressure,  though  not  to  such  a  great  extent  as  the  nitrites  ;  the 


Fig.  21.— Diagram  showing  the  usual  Arrangement  of  the  Nerves 
Supplying  the  Blood-vessels  (Langley). 

The  drugs  in  this  group  (coniine,  nicotine,  &c.)  paralyse  the  nerve-cells  in  the  solar  ganglion, 
and  so,  by  removing  tone,  dilate  the  vessels.  Hence  the  pre-ganglionic  fibres  (splanchnic) 
on  excitation  will  produce  little  or  no  effect,  whilst  the  post-ganglionic  fibres  will  still  induce 
a  typical  vaso-constriction. 


effect  is  due  entirely  to  vaso-dilatation  and  is  brought  about  by 
depression  of  nerve-cells,  especially  those  on  the  course  of  the  vaso- 
constrictor fibres.  This  can  be  shown  easily  by  first  exciting  the 
splanchnic  nerve  of  an  animal  and  noting  the  average  vaso- 
constriction of  the  intestines,  and  then  administering  the  alkaloid 
by  a  vein  :  excitation  of  the  splanchnic  has  now  no  action  on  the 
vessels,  although  if  the  fibres  are  excited  below  the  ganglia  (post- 
ganglionic fibres)  typical  constriction  is  again  obtained  (Fig.  21). 

The  heart  beats  "more  rapidly  on  account  of  the  paralysis  of  the 
nerve-ceils  on  the  course  of  the  vagus,  thereby  blocking  the  in- 
hibitory influences  from  the  centre.    The  action  of  nicotine  on  the 
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frog's  heart  will  serve  as  an  example  :  this  alkaloid  paralyses  the 
vagus,  but  inhibition  of  the  heart  can  still  be  induced  by  exciting 
the  sinus  venosus,  i.e.,  the  post-gangHonic  fibres  are  intact ;  this 
experiment  shows  again  that  the  block  to  nerve-impulses  occurs  at 
the  nerve-cells.    (Fig.  42.) 

Respiration. — The  whole  brain  and  medulla  are  depressed  and 
respiration  is  therefore  slower  and  shallower. 

Plain  Muscle. — The  tonus  and  peristaltic  movements  of  the 
intestines  are  increased ;  and  not  uncommonly  purgation  may  result 
from  the  subcutaneous  injection  of  some  of  the  members  of  this 
group.  This  action  does  not  originate  peripherally,  since  the  direct 
application  of  the  drug  to  the  intestines  does  not  augment  peristalsis, 
but  rather  tends  to  diminish  it ;  nor  is  it  central  in  origin,  for  the  drug 
still  increases  intestinal  movements  when  the  cord  is  cut  in  the  dorsal 
region.  The  effect  may  be  regarded  in  all  cases  as  due  to  depression 
of  sympathetic  cells,  thereby  blocking  the  inhibitory  influences. 
The  automatic  movements  of  other  plain  muscle,  such  as  the  stomach 
and  bladder,  are  increased  in  the  same  way. 

Effects  on  some  other  Nerve-cells. — The  nerve-cells  on  the  course 
of  the  secretory  fibres  of  the  chorda  tympaniare  depressed,  so 
that  no  secretion  of  submaxillary  saliva  is  obtained  by  stimulating 
the  chorda  ;  but  the  nerve-endings  beyond  the  cells  are  still  active, 
because  a  secretion  can  be  obtained  either  by  pressing  the  electrodes 
well  down  into  the  hilus  of  the  gland,  and  so  reaching  the  post- 
ganglionic fibres,  or  by  a  small  injection  of  pilocarpine,  a  drug  which 
specifically  excites  the  nerve-endings. 

The  superior  cervical  gangHon  of  the  sympathetic  is  affected  by 
the  members  of  this  group,  so  that  whilst  pre-ganglionic  excitation 
is  without  effect,  post-gangUonic  excitation  produces  the  usual 
conditions — constriction  of  the  ear-vessels,  dilatation  of  the  pupil 
and  secretion  of  saUva.  These  ganglia  may  be  paralysed  either  by 
an  injection  of  the  drug  into  the  circulation  or  by  directly  painting 
them  with  the  drug. 

Spinal  Cord. — Under  suitable  conditions,  all  these  drugs  pro- 
duce convulsions  which  closely  resemble  those  obtained  by  strych- 
nine. There  is  reason  to  believe  that  in  each  case  the  effect  is  due 
to  diminution  of  resistance  on  the  sensory  side  of  the  cord,  thereby 
allowing  a  simple  impulse  to  spread  out  and  excite  motor  nerve-cells 
all  over  the  cord.     See  p.  114.) 

Motor  Nerve-endings. — Paralysis  of  the  motor  nerve-endings 
ultimately  ensues.  Death  is  produced  sometimes  by  paralysis  of 
the  intercostals  and  phrenics  (curarine),  and  sometimes  by  paralysis 
of  the  medulla  (coniine).  To  observe  the  motor  paralysis  with 
drugs  of  the  latter  class  the  animal  must  be  kept  alive  by  artificial 
respiration. 

Some  Differences  in  Action. — These  drugs  differ  from  one 
another  in  the  relative  degree  of  their  actions.  Nicotine,  coniine 
and  lobeline  are  especially  characterised  by  the  fact  that  when  thev 
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are  injected  into  the  circulation  they  excite  nerve-cells  before  de- 
pressing them  ;  so  they  give  rise  first  to  effects  of  an  opposite 
kind  to  those  already  described,  viz.,  rise  in  blood-pressure,  vaso- 
constriction and  inhibition  of  plain  muscle;  but  the  real  and  per- 
manent effects,  and  the  only  ones  seen  when  the  drug  is  taken  by  the 
mouth,  are  those  which  have  been  described. 

Some  bodies  of  this  class  do  not  give  rise  to  convulsions  when 
they  are  administered  in  the  ordinary  way,  because  the  motor 
paralysis  is  so  rapidly  attained.  To  obtain  convulsions  with  such 
substances  they  must  be  placed  either  directly  on  the  cord  or  in- 
jected into  one  of  the  veins  of  the  cord.  A  drug  of  this  type  is 
curare.  All  the  members  ultimately  paralyse  the  motor  nerve- 
endings  ;  in  some  cases  (curare  and  methyl  strychnium)  with  ease, 
but  in  others  (nicotine)  only  after  comparatively  large  doses. 

The  following  table  gives  some  idea  of  the  relationship  of  these 
drugs  to  one  another. 


Paralysis  of  Nerve- 
cells. 

Paralysis  of  Motor 
Nerve-endings. 

Convulsant 
Effects. 

Coniine 

Nicotine 

Lobeline 

Decided.  (Initial 
stimulation  when 
given  intraven- 
ously.) 

Decided. 

Weak. 

Curare  ^ 
Metthyl-  I 
strychnium  J 

Weak. 

Very  decided. 

Weak  (masked  by 
motor  paralysis). 

Apocodeine 
Apomorphine 
Codeine 
Morphine 

Marked. 
Weak. 
Still  weaker. 
Very  weak. 

Ditto. 

Ditto. 

Strychnine 

Very  weak. 

Very  weak. 

Very  decided. 

NICOTINE 

Nicotine  is  the  volatile  alkaloid  obtained  from  tobacco,  and  is 
generally  represented  by  the  following  formula  : — 


— CH— CH 


;CH.. 


N 


N  CH„ 


CH. 


NICOTINE 


lOI 


Dried  tobacco  leaves  yield  a  very  variable  amount  of  nicotine,  from 
2  to  6  per  cent.  Piturine  from  Duboisia  Hopwoodii  is  pharmaco- 
logically identical  with  nicotine.  Nicotine  is  not  used  in  thera- 
peutics, but  since  it  is  of  great  hygienic  importance  a  few  words  on 
its  action  are  necessary. 

Tobacco  smoke  contains  several  bodies,  pyridine  bases,  hydro- 
cyanic acid,  collidine  and  several  of  the  higher  homologues  of  nico- 
tine ;  but  it  is  recognised  that  the  most  active  constituent  of  the 
smoke  is  nicotine.  Cigarette  smoke  obtained  by  means  of  an 
aspirator  gave  the  following  constituents  in  loo  grams  of  original 
tobacco  consumed : — 

HCN      ....    0.080  per  cent. 

Pyridine         .        .        .  0.146 

Nicotine          .        .  .1.165 

NH3       .        .        .        .    0.360  „ 

CO        ....    410  c.c. 
The  smoke  contained  about  50  per  cent,  of  the  nicotine  originally 
in  the  tobacco  ;  but  the  quantity  depends  largely  on  the  length  of 
the  mouth-piece. 

Nicotine  has  much  the  same  action  as  coniine,  but  has  less  effect 
on  the  motor  nerve-endings.  Its  most  important  action  is  on  the 
sympathetic  nerve-cells,  which  at  first  are  excited,  later  depressed, 
and  ultimately  paralysed.  This  action  results  in  many  different 
effects. 

The  circulatory  system  is  profoundly  influenced  by  an  injec- 
tion of  nicotine.  The  heart-beat  is  slowed  at  first,  and  later  ac- 
celerated, and  this  alteration  in  rate  is  the  sum  of  the  excitations  of 
the  ganglion-cells  on  the  course  of  the  vagus  and  the  sympathetic 
systems.  At  first  the  vagus-ganglia  are  affected  the  more  pro- 
foundly, and  the  heart  is  consequently  slowed ;  but  as  this  excita- 
tion of  vagal  cells  gives  place  to  depression  the  stimulation  of  sym- 
pathetic cells  shows  itself  in  acceleration  of  the  heart.  If  the  end- 
ings of  the  vagus  are  first  paralysed  by  atropine,  nicotine  produces 
acceleration  alone  without  any  initial  slowing.  Nicotine  also 
excites  the  vagus-centre  in  the  medulla,  as  the  initial  slowing  of  the 
heart  after  an  injection  of  the  drug  is  greater  when  the  vagi  are  in- 
tact than  when  they  are  divided.  Electrical  excitation  of  the  vagi, 
after  large  doses  of  the  drug  have  been  administered,  fails  to  inhibit 
the  heart,  although  muscarine  and  pilocarpine  still  slow  the  beat 
by  stimulating  the  inhibitory  neurone.  The  ultimate  and  important 
effect  of  nicotine  on  the  pulse-rate  is  acceleration,  and  this  is  due 
to  the  blocking  of  inhibitory  impulses. 

Nicotine  just  at  first  raises  arterial  tension  by  an  intense  excita- 
tion of  the  sympathetic  ganglion-cells,  particularly  those  of  the  solar 
plexus  and  allied  ganglia.  The  effect  is  very  transient,  and  is 
followed  by  a  fall  in  the  blood-pressure  ;  after  big  doses  of  the 
alkaloid,  electrical  excitation  of  the  splanchnic  nerves  produces 
no  constriction  of  the  intestinal  vessels  although  post-gangHonic 


102  A  MANUAL  OF  PHARMACOLOGY 

excitation  still  produces  typical  constriction,  again  showing  that 
the  block  is  in  the  gangUon-cells.    The  ultimate  effect  on  the  circu- 


FiG.  22. — Dog  (Limb-volume  and  Blood-pressure). 
Upper  tracing  =  limb-volume  ;  lower  =  B.-P.  At  the  indicated  mark  a  small  injection  of 
nicotine  was  given.  The  B.-P.  rose  immediately,  and  the  heart  became  very  slow.  The 
latter  efiect  is  the  resiUt  of  the  high  pressure  on  the  medulla,  for  if  the  vagi  be  severed  the  heart 
will  at  once  beat  verv  much  more  rapidly.  Vaso-constriction  is  responsible  for  the  rise  in 
pressure.  Constriction  of  the  limb-vessels  is  shown  both  by  the  position  of  the  curve  and 
the  diminution  of  the  volume-pulse.  The  first  vessels  to  constrict  are  the  splanchnic  ;  and 
so,  just  at  first,  the  increased  blood-pressure  causes  the  Umb-vessels  to  dilate.    Time  —  sees. 

lation  is  vaso-dilatation,  a  fall  of  blood-pressure  and  acceleration 
of  the  heart. 

The  movements  of  plain  muscle  throughout  the  body  are  first 
inhibited  and  later  augmented,  these  effects  being  due  to  the  initial 
excitation  and  ultimate  paralysis  of  sympathetic  nerve-cells. 
The  effect  on  the  pupil  varies  considerably  in  different  animals, 
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and  should  be  regarded  as  the  mean  effect  on  the  ciliary  and  sym- 
pathetic-ganglion cells. 

Many  of  the  secretions  are  at  first  increased  by  nicotine,  the 
seat  of  action  being  the  ganglion-cells  on  the  secretory  nerves.  In 
the  case  of  the  submaxilliary  gland,  which  has  been  most  fully 
investigated,  small  doses  of  nicotine  increase  the  secretion;  but 
large  doses  stop  all  secretion,  and  in  this  case  excitation  of  the  chorda 
tympani,  which  in  the  normal  animal  produces  a  large  flow  of  saliva, 
now  gives  no  result.  If,  however,  the  nerve-fibres  are  stimulated 
between  the  ganglion- cells  and  the  gland-cells  a  secretion  is  obtained. 
Pilocarpine  still  produces  a  flow  of  saliva  after  the  injection  of  a 
big  dose  of  nicotine,  because  it  acts  on  the  nerve-terminations  in 
the  gland-cells.  The  sweat  and  bronchial  mucus  are  increased 
similarly  by  small  injections  of  nicotine  (Fig.  11). 

Motor  Nerve-endings  are  affected  only  with  difficulty ;  very 
large  quantities  of  nicotine  paralyse  these  nerve-endings,  and  Hke 
curare,  those  supplying  the  orbital  muscles  are  affected  first. 

The  effect  on  the  Central  Nervous  System  in  all  cases  is  shown 
by  increased  reflexes  and  sometimes  by  strychnine-like  convulsions. 
This  effect  is  peculiar  to  all  the  members  of  the  group,  and  although 
it  results  in  stimulation,  that  is  increased  reflexes,  we  cannot  say 
whether  it  is  brought  about  by  excitation  or  depression  of  the  sensory 
part  of  the  cord.  The  initial  excitation  of  cells,  which  is  peculiar 
to  nicotine,  is  shown  in  the  deep  and  rapid  respiration  seen  for  a  very 
short  time  after  exhibiting  the  alkaloid  internally  :  this  action  is 
quickly  followed  by  depression,  which  is  the  characteristic  effect  of 
all  the  members  of  the  group. 

The  initial  stimulant  effect  of  nicotine  can  be  seen  also  if  a  o.i 
per  cent,  solution  is  appHed  directly  to  the  spinal  cord  of  a  frog, 
when  twitchings  of  the  muscles  of  the  limbs,  sternum,  and  other 
parts  are  observed.  They  are  irregular  in  character,  are  not  reflex, 
and  in  no  way  resemble  the  clonic  convulsions  of  strychnine  :  the 
action  is  apparently  one  on  the  motor  nerve-cells  which  explode 
without  receiving  an  afferent  impulse. 

The  animal  body  rapidly  acquires  a  tolerance  to  nicotine.  It  is 
well  known  that  the  common  symptoms  of  a  first  attempt  at  smoking 
—vomiting,  depression  and  collapse — are  quickly  overcome  by  a  few 
trials.  Nicotine  is  mainly  excreted  by  the  kidneys  :  traces  are 
to  be  found  also  in  the  saliva  and  sweat. 

The  administration  of  a  toxic  dose  of  nicotine  produces  a  feeling 
of  burning  in  the  mouth,  throat  and  stomach,  accompanied  by 
salivation  and  later  by  vomiting  and  diarrhoea.  The  patient  at 
first  is  much  excited  and  both  his  respiration  and  pulse  are  accel- 
erated ;  but  soon  the  excitement  is  followed  by  languor,  loss  of  co- 
ordination, exhaustion,  and  later  by  loss  of  consciousness. 

Tobacco.— Nicotine  itself  rarely  gives  rise  to  poisoning,  but 
excessive  smoking  not  infrequently  induces  objectionable  effects. 
Before  describing  these  it  should  be  noted  that  the  pyridine  bodies 
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present  in  tobacco  smoke  have  an  action  different  from  nicotine  : 
they  excite  the  medulla  and  cord  more  readily,  and  so  may  pro- 
duce general  convulsions.  The  products  of  the  dry  distillation  of 
almost  any  leaves  will  induce  nausea,  vomiting,  diarrhoea  and 
palpitation  from  the  presence  of  such  pyridine- compounds. 

Chronic  intoxication,  the  result  of  smoking  to  excess,  may  in- 
duce the  following  symptoms  Cough  due  to  congestion  of  the  air 
passages,  ahmentary  disorders  such  as  loss  of  appetite,  vomiting  and 
diarrhoea ;  a  feeble  and  intermittent  action  of  the  heart  is  a  very 
common  feature  of  poisoning.  In  more  severe  cases  depression 
of  the  central  nervous  system,  tremors,  impaired  memory  and 
amblyopia  may  ensue.  The  amblyopia  affects  both  eyes  equally, 
and  begins  with  a  general  dimness  of  vision  and  a  change  in  colour- 
perception  ;  it  is  a  nervous  affection,  thought  by  some  to  be  locahsed 
in  the  nervous  layer  of  the  retina,  and  by  others  in  the  centre. 

Tobacco  is  not  official. 


CONIUM 

Conium  leaves  are  obtained  from  the  spotted  hemlock,  Coninm 
maculatum.  They  are  mistaken  sometimes  for  fool's  parsley, 
jEthusa  cynaphm,  but  conium  has  certain  distinctive  characteristics 
—a  smooth,  spotted,  hollow  stem,  much  divided  glabrous  leaves,  with 
their  ulitimate  divisions  terminating  in  smooth,  colourless  points 
and  the  presence'  of  both  partial  and  general  involucres. 

The  chief  constituents  of  hemlock  leaves  are  about  2  per  cent, 
of  the  alkaloids  coniine  and  conhydrine.  Conium  fruit  may  contain 
over  3  per  cent,  of  alkaloid.  Coniine  is  a  derivative  of  pyridine, 
and  its  technical  name  is  normal-propylpiperidine. 
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Conhydrme  is  oxyconiine  and  is  less  poisonous  than  coniine. 
Other  constituents  present  in  the  plant  are  methyl-coniine,  pseudo- 
conhydrine,  and  a  volatile  oil. 

Commercial  coniine  is  a  mixture  of  the  above  alkaloids  and  de- 
composes very  rapidly. 

Coniine  was  the  first  alkaloid  synthetically  prepared  ui  the 

laboratory. 

Action 

In  dealing  with  the  action  of  conhne  it  is  only  necessary  to  describe 
the  relative  degrees  of  action  on  the  tissues  already  mentioned. 
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Poisoning  begins  with  some  paralysis  of  the  lenticular  ganglion  so 
that  the  eyelids  droop,  the  movements  of  the  eyeball  are  impaired 
and  the  pupils  dilate.  Nausea,  vomiting  and  diarrhcea  are  not 
uncommon,  and  are  explained  by  the  paralysis  of  the  sympathetic 
inhibitory  ganglia.  The  pulse-rate  is  quickened  from  the  action  on 
the  vagal  intra-cardiac  ganglia.  There  is  some  vaso-dilatation 
due  largely  to  paralysis  of  the  nerve-cells  on  the  course  of  the  splanch- 
nic fibres,  and  the  blood-pressure  falls  (Fig.  21). 

The  cerebrum  is  little  affected  by  coniine,  and  it  will  be  remembered 
that  Socrates  spoke  intelligently  to  his  friends  a  few  minutes 
before  his  death.  The  excitation  of  the  cord  is  not  great,  but,  under 
certain  conditions,  strychnine-like  convulsions  may  be  observed  : 
they  are  never  seen  in  the  frog  because  the  motor  paralysis  comes  on 
too  quickly,  but  in  mammals  fibrillary  muscular  twitchings  or  tremors 
are  not  infrequent,  and  in  a  few  cases  distinct  convulsions  have 
occurred. 

The  most  characteristic  effect  of  coniine  is  a  general  diminution 
of  motor  power  (paralysis),  as  is  seen  in  the  wearied,  unsteady  gait, 
followed  by  reeUng  and  marked  ataxia  ;  the  excitabihty  of  the  motor 
nerves  is  ultimately  abolished.  The  breathing  becomes  slower 
and  weaker,  and  death  occurs  from  its  arrest.  It  is  uncertain 
whether  death  is  due  to  paralysis  of  the  motor  nerve-endings  or  to 
paralysis  of  the  medulla,  but  it  is  certain  that  the  medulla  is  para- 
lysed before  the  motor  nerves  cease  to  respond  to  electricity. 

Respiration  is  accelerated  and  deepened  in  the  early  stages  of 
coniine  intoxication,  the  medulla  like  the  cord  being  excited;  so 
the  impulses  reaching  the  centre  are  augmented  owing  to  the  dimin- 
ished resistance  in  the  sensory  portion  of  the  medulla,  and  hence 
respiration  which  is  a  reflex  process  is  stimulated. 

Coniine  is  rapidly  excreted  in  the  urine  so  that  its  action  passes 
off  early. 

The  other  alkaloids  found  in  hemlock  are  less  toxic,  but  have  the 
same  type  of  action  as  coniine. 

Piperidine  has  a  similar  action  to  coniine  but  is  not  so  toxic. 
Pyridine  has  a  different  effect  :  it  does  not  attack  ganglion-cells. 

LOBELIA 

Lobelia  is  the  dried  flowering  herb  Lobelia  inflata  ;  it  is  also 
known  as  Indian  tobacco.  Its  chief  constituent  is  the  liquid 
alkaloid  lobeline,  which  forms  crystalline  salts. 

In  its  general  action  the  drug  appears  to  resemble  coniine  and 
nicotine,  and  death  is  produced  by  paralysis  of  the  respiratory 
centre.  It  is  employed  in  certain  spasmodic  conditions  as  an 
antispasmodic  and  expectorant,  especially  in  constriction  of  the 
bronchioles  (asthma).  It  is  well  known  that  if  the  vagi  are  stimu- 
lated the  calibre  of  the  air  passages  is  decreased,  air  can  still  enter 
the  air-cells,  but  it  has  great  difficulty  in  escaping,  because  inspira- 
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tion  is  a  very  powerful  suction,  but  expiration  depends  mainly  on 
the  elastic  recoil  of  the  lungs,  a  comparatively  feeble  force ;  so  that 
the  lungs  become  over-distended.  Lobelia  depresses  the  peripheral 
vagus  just  like  coniine,  and  after  its  administration  the  bronchioles 
cannot  be  constricted  by  vagal  stimulation.  If  an  attack  of  "  asthma" 
is  induced  artificially  by  the  administration  of  a  drug,  such  as  pilo- 
carpine, lobelia  produces  a  quick  dilatation  which  is  not  lasting  unless 
the  dose  has  been  large  (Fig.  23). 

GELSEMIUM 

Gelsemium  is  the  root  from  the  yellow  jasmine  G.  nitidum.  The 
chief  constituent  is  the  alkaloid  gelseminine  which  forms  amorphous 
salts.    A  second  alkaloid  gelsemine  is  crystalline.    Other  constitu- 


FiG  23. — Cat  (Lung-volume  and  Blood-pressure). 

Upper  curve  represents  the  volume  of  a  small  lobe  of  lung  ;  lower  curve  represents  blood- 
pressure.  The  amount  of  air  entering  and  leaving  the  lungs  is  shown  by  the  up  and  down 
strokes  respectively.  At  the  two  indicated  marks,  small  injections  of  tincture  of  lobeUa  were 
injected  into  a  vein.  Almost  immediately,  more  air  entered  the  lungs  because  the  bronchioles 
dilate.  The  first  effect  was  transitory,  because  the  dose  was  small.  The  rise  inB.-P.  is  vaso- 
motor.   Time  =  sees.    (Brodie  and  Dixon.) 

ents  are  gelsemic  acid,  a  crystalline  substance  exhibiting  in  alkaline 
solutions  a  blue-green  fluorescence,  a  volatile  oil,  resin  and  starch. 

The  action  of  the  drug  depends  on  the  gelseminine,  which  has  much 
the  same  effect  as  coniine,  but  is  more  depressant  to  the  central 
nervous  system,  and  produces  death  by  paralysing  the  respiratory 
centre  rather  than  by  paralysing  the  nerve-endings  in  the  dia- 
phragm and  intercostals.  If  coniine  is  injected  into  a  frog  the 
motor  nerve-endings  are  paralysed  first  and  the  centre  later ; 
gelseminine  however  paralyses  the  centre  first  and  the  nerve- 
endings  afterwards. 

Gelseminine  paralyses  nerve-cells  without  any  preliminary  ex- 
citation, and  hence  the  vagi  are  paralysed.  The  injection  of  gelse- 
minine does  not  affect  the  pupil,  but  if  a  salt  of  the  alkaloid  is 
applied  to  the  conjunctiva  there  is  some  slight  pain  followed  by 
dilatation  of  the  pupil  and  paralysis  of  accommodation.  This 
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effect  is  produced  apparently  in  the  same  way  as  tliat  of  atropine, 
by  paralysis  of  the  endings  of  the  third  nerve ;  it  differs  from  atro- 
pine in  that  it  does  not  persist  so  long  and  is  less  complete.  Large 
doses  of  gelseminine  first  produce  loss  of  power,  inco-ordination 
of  movements  and  tremors.  The  pulse  is  quicker  ;  the  respiration 
becomes  progressively  slower  and  feebler  till  death  ensues  from 
asphyxia. 

Consciousness  is  retained  to  the  end. 

Gelsemine  is  very  much  less  toxic  than  gelseminine,  but  in  large 
doses  it  produces  convulsions  in  frogs  in  the  same  way  as  strychnine, 
and  later  paralyses  the  motor  nerve-endings.  It  is  almost  devoid 
of  action  in  mammals. 

SCOPARIUM 

Broom  tops  are  obtained  from  Cystistis  Scoparius.  The  chief 
constituent  is  the  liquid  volatile  alkaloid  sparteine  C^gH.jgN,,  which 
forms  crystaUine  salts.  The  drug  also  contains  a  body,  scoparin, 
which  forms  yellow  crystals  and  contains  the  phloroglucinol  complex. 


OH 


Other  constituents  are  a  volatile  oil  and  tannin.  Sparteine 
has  an  action  very  similar  to  coniine,  but  is  very  much 
less  poisonous.  It  differs  from  coniine  in  that  it  has  very  little 
effect  on  the  central  nervous  system,  but  large  doses  paralyse 
sympathetic  nerve-cells  and  the  peripheral  terminations  of  the 
motor  nerves.  There  is  hardly  any  excitation  of  the  nerve-cells, 
so  that  although  blood-pressure  at  first  rises  a  very  little,  it  quickly 
falls.  Death  is  brought  about  by  paralysis  of  the  nerve-endings  of 
the  phrenics. 

At  one  time  sparteine  was  believed  to  be  related  pharmaco- 
logically to  digitalis,  but  there  is  no  similarity  in  the  actions  of  the 
two  drugs. 

Decoction  of  broom  tops  forms  a  favourite  diuretic.  The 
diuresis  is  due  to  scoparin  (see  Diuretics). 

CURARE 

Curare  is  a  resinous  material  employed  by  the  South  American 
Indians  as  an  arrow-poison  and  obtained  from  some  plant  of  the 
Strychnos  group.  The  active  constituents  are  (i)  curarine,  C^gH.^rjN, 
the  substance  to  which  the  curare  owes  its  typical  effect,  and  (2) 
curine,  C^gHj^j^NO^,  which  has  certain  digitalis-like  properties. 

Absorption. — One  of  the  most  remarkable  features  of  curare  is 
that  its  effects  are  only  obtained  when  the  drug  is  introduced  into 
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the  body  subcutaneously  or  intravenously.  Fish,  for  example, 
hve  for  days  in  a  solution,  but  die  very  quickly  if  a  slight  scratch 
is  made  on  their  skin.  If  the  drug  is  taken  by  the  mouth,  generally 
speaking,  it  produces  no  effect,  although  after  very  large  doses  slow 
poisoning  may  sometimes  ensue.  The  cause  of  this  is  probably 
twofold.  In  the  first  place,  when  curare  is  digested  with  gastric 
iuice  its  toxicity  is  diminished ;  and,  secondly,  the  curarine  appears 
to  be  more  rapidly  excreted  than  it  is  absorbed;  the  latter  fact 
may  be  shown  by  administering  the  curare  by  the  mouth  after  the 


Fig.  24.— Dog.    A.C.E.    Limb-volume  and  Blood-pressure. 

Shows  the  effect  of  an  injectioa  of  curare  at  "  A"  into  a  vein.  The  ganglion-cells  on  the 
course  of  the  vaso-constrictor  nerves  are  depressed  and  vaso-dilatation  ensues  with  a  fall 
of  B  -P  The  dilatation  is  shown  (i)  by  the  rise  in  the  upper  curve,  and  (2)  by  its  greater 
volume-pulse.  The  heart-beat  is  quicker,  principally  on  account  of  the  depression  of  the 
cells  on  the  vagus  nerves.    Time  =  sees. 

renal  vessels  have  been  ligatured,  when  poisoning  is  quickly 
produced. 

Nerve-endings. — The  effect  of  curare  on  the  motor  nerve- 
endings  overshadows  all  its  other  effects.  The  short  muscles  of 
the  fingers,  toes,  ears  and  eyes  are  affected  first,  then  the  muscles 
of  the  limbs,  head  and  neck,  and  lastly,  the  respiration.  The  first 
effect  of  the  drug  is  to  produce  a  condition  similar  to  that  caused  by 
fatigue;  then  the  strength  of  contraction  is  diminished,  and,  lastly, 
excitation  of  the  nerve  ehcits  no  response,  although  a  normal  con- 
traction is  produced  if  the  muscle  is  stimulated  directly. 

The  ] paralysis  does  not  affect  the  sensory  nerves  ;  this  was  shown 
by  Claude  Bernard.  He  ligatured  the  whole  of  one  hind-limb  of  a 
frog  with  the  exception  of  the  sciatic  nerve,  which  remained  intact 
outside  the  ligature  :   he  then  injected  the  curare,  and  when  the 
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animal  was  immobile  pinched  the  skin  of  one  fore-limb,  when  there 
was  a  reflex  movement  of  the  ligatured  hind-limb,  thus  showing  that 
the  sensory  endings  of  the  fore-leg  must  be  intact  as  well  as  the 
nervous  arc  (cells  of  spinal  cord). 

Sympathetic  ganglia  are  not  much  affected,  though  sufficiently 
so  to  show  an  increase  of  peristalsis.  Convulsions  are  seen  only 
when  the  drug  is  injected  directly  into  the  vessels  of  the  cord.  In  the 
ordinary  course  of  events  the  motor  paralysis  hides  this  effect. 

Curare  sometimes  gives  rise  to  sugar  in  the  urine,  and  although 
this  may  be  due  in  part  to  a  deficient  or  too  plentiful  artificial 
respiration,  there  is  sufficient  evidence  to  show  that  it  is  due  in  part 
to  the  direct  action  of  the  drug. 

MATERIA  MEDICA 
CONIUM 

Conii  Fructus. 

Preparation 

Tinctura  Conii. 

Dose,  J  to  I  dr. 

Conii  Folia. 

Preparations 

1.  Succus  Conii. 

Dose,  I  to  2  drs. 

2.  Unguentum  Conii. 

LOBELIA 

Lobelia. 

Preparation 

Tinctura  Lobeliae  Etherea. 
Dose,  5  to  15  m. 

GELSEMIUM 

Gelsemii  Radix. 

Dose,  of  gelsemine  hydrochloride,  ^L.  to  gr. 

Preparation 

Tinctura  Gelsemii. 

Dose,  5  to  15  m. 

BROOM 

Scoparii  Cacumina. 

Preparations 

1.  Infusum  Scoparii. 

Dose,  I  to  2  ozs. 

2.  Succus  Scoparii. 

Dose,  I  to  2  drs. 

CURARE 

Curara.    (Not  official.) 

Dose,  vr^y  to  ^  gr.  subcutaneously. 

TOBACCO 

Tabaci  Folia.    (Not  official.) 


CHAPTER  VII 

DRUGS  WHICH  PRODUCE  CONVULSIONS 

Drugs  affect  the  nervous  system  in  one  of  two  ways,  stimulation 
or  depression.  By  a  drug  which  stimulates  we  mean  one  which 
exaggerates  the  normal  response  of  a  tissue  to  excitation  ;  and  a 
druf  which  stimulates  the  spinal  cord,  therefore,  increases  the 
reflex  movements,  and  may,  if  they  are  sufhciently  exaggerated, 
produce  convulsions.  It  has  been  pointed  out  already  m  the 
chapter  on  alcohol  that  this  stimulation  can  be  produced  m  two 
ways  :  (i)  by  direct  excitation  ;  and  (2)  by  depression  of  controlling 
centres 

All  convulsive  poisons  in  sufficiently  large  doses  have  a  para- 
lysing action.  Strychnine,  ammonium  salts,  veratrme  and  other 
convulsants  in  very  large  doses  ultimately  produce  depression 
and  paralysis  of  the  central  nervous  system  provided  the  animals 
do  not  die  during  the  convulsions  ;  and  sometimes,  as  m  the  case 
of  strychnine,  there  is  paralysis  of  the  motor  nerve-endings  Some 
authorities  have  attempted  to  show  that  the  reverse  law  holds  true 
that  all  drugs  producing  depression  have  an  initml  J^imuMi^^ 
effect,  and  cite  alcohol  and  chloroform  as  examples ;  but  the  student 
will  understand  how  fallacious  such  reasoning  is,  for  both  these  drugs 
depress  from  the  beginning.    (See  p.  42.) 

After  the  administration  of  a  convulsant  there  is  a  short  period 
of  increased  reflex  excitability,  and  then  sudden  tome  contrac  10ns 
of  aU  the  muscles  in  the  body  lasting  some  seconds  followed  by  a 
complete  relaxation.  After  a  variable  interval  conviilsions 
recur  until  the  death  or  recovery  of  the  animal.  The  attacks 
present  many  similarities  to  the  ordinary  epileptic  fit.  Death  occuis 
from  asphyxia,  and  is  all  the  quicker  because  of  the  rapid  consump- 
tion of  oxygen  during  the  convulsions.  If  an  adequate  artificial 
respiration  is  exercised  the  dose  of  a  convulsant  can  be  increased 
to  an  enormous  extent  without  producing  death;  not  only  does 
it  prevent  death  from  asphyxia  but  it  also  dimmishes  the  leflex 
sensibility  of  the  medulla.  . 

Different  drugs  exert  a  specific  action  on  special  neurones  or  on 
parts  of  the  neurone.    Thus  atropine  attacks  the  nerve-endings 
oi  the  third  and  tenth  cranial  nerves,  curare  motor  nerve-endings 
confine  sympathetic  nerve-cells,  caffeine  the  psychical  centres  m  he 
brain  and  so  on.    And  as  the  great  difference  between  man  and  the 
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DRUGS  PRODUCING  CONVULSIONS  in 

lower  animals  consists  in  the  greater  development  of  his  central 
nervous  system  so  we  should  a  -priori  expect  drugs  which  act  ont  he 
neurones  of  the  brain  to  exert  differences  in  action  according  to 
the  development  of  that  organ.  This  we  find  to  be  the  case.  Atro- 
pme  which  produces  some  convulsive  movements  in  man  produces 
none  m  other  animals,  because  its  action  is  on  the  motor  area  which  is 
much  more  highly  specialised  in  man  than  in  lower  animals.  Cocaine 
produces  convulsions  which  vary  in  extent  in  different  animals 
according  to  the  degree  of  development  of  the  cerebral  hemispheres 
They  can  be  produced  by  very  small  doses  in  man,  somewhat 
larger  amounts  in  the  ape,  still  larger  in  the  dog,  only  with  relatively 
enormous  doses  m  the  rabbit,  and  cannot  be  produced  at  all  in  the 
frog.  In  the  following  diagram  of  the  central  nervous  system  the 
seat  of  action  of 

a  number  of  , 
drugs  is  shown, 
but  it  must  be 
remembered  that 
although  the  ac- 
tion is  particu- 
larly on  the  tis- 
sue indicated,  yet 
a  drug  which  ex- 
cites one  part  of 
the  central  nerv- 
ous system  in- 
variably excites 
all  parts  although 
its  action  is  more  pronounced  on  the  one  part  (Fig.  25). 

A.  Drugs  acting  on  highest  or  psychical  centres: — Caffeine 
and  other  purine  derivatives. 
Drugs  acting  on  the  motor  area  : — Atropine,  cocaine,  essen- 
tial oils. 

Drugs  acting  on  the  posterior  portion  of  the  cerebrum :  

Mescal. 

Drugs  acting  on  the  cerebellum : — Not  known  for  certain. 
Drugs  acting  on  the  medulla: — Strychnine,  "ammonium," 
•  picrotoxin  cornutine. 
F.  Drugs  acting  on  the  cord : — Strychnine,  calabarine,  &c. 


Fig.  25.— Diagrammatic  View  of  a  Dog's  Brain. 

Showing  the  various  points  which  drugs  may  excite,  and  so  produce 
convulsions  or  convulsive  movements.    (See  text.) 


B. 

C. 

D. 
E. 


NUX  VOMICA 

Nux  vomica  is  the  name  of  the  dried  seeds  of  Strychnos  nux 
vomica.  They  contain  two  alkaloids,  strychnine  and  brucine,  present 
in  any  amount  up  to  5  per  cent.  The  relative  amount  of  strychnine 
to  brucine  is  extremely  variable  ;  either  may  be  present  in  double 
the  amount  of  the  other.  Since  brucine  is  much  less  poisonous 
than  strychnine  (about  ^V),  it  is  officially  directed  that  the  pro- 
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portion  of  strychnine  shall  be  determined  in  the  preparations.  A 
glucoside  loganin  and  some  tannin  are  also  present  in  the  beans. 
Strychnine  exerts  the  same  action  as  the  crude  preparations  of 
nux  vomica,  but  its  effects  are  produced  more  quickly  and  with 
more  certainty. 

Action 

(1)  Bitter  effect  on  the  alimentary  canal. 

(2)  An  effect  on  the  sensory  -part  of  the  cord  restdting  in  increase  of 

reflexes,  and  therefore  increased  tonus  of  muscle. 

(3)  Stimidation  of  the  circulation  and  respiration. 

(4)  Heightened  perception  from  all  the  sense  organs. 
Gastro-intestinaL — Strychnine  has  a  bitter  action  in  the  mouth, 

and,  as  we  shall  see  when  studying  the  simple  bitters — a  class  of 
bodies  that  owe  their  action  to  their  bitterness — it  therefore  in- 
creases the  appetite,  and  as  a  result  the  gastric  juice  is  augmented 
reflexly. 

Like  almost  all  other  drugs,  it  is  absorbed  only  very  shghtly 
from  the  stomach.  The  relative  rate  of  absorption  from  different 
parts  of  the  alimentary  canal  has  been  determined  by  injecting  a 
big  dose  of  the  alkaloid  into  various  portions  of  the  isolated  gut, 
and  then  noting  the  time  between  the  injection  and  the  onset  of 
convulsions.  By  such  experiments  the  following  table  was  drawn 
out : — 

About  I J  grs.  strychnine  injected  into  the  stomach  of  a  cat  pro- 
duced tetanus  in  thirty  minutes. 
About       grs.  strychnine  injected  into  the  small  intestine  pro- 
duced tetanus  in  ten  minutes. 
About  i\  grs.  strychnine  injected  into  the  oesophagus  produced 

tetanus  in  fifty  minutes. 
About  I J  grs.  strychnine  injected   into  the  colon  produced 

tetanus  in  fourteen  minutes. 
About  I J  grs.  strychnine  injected  into  the  rectum  produced 
tetanus  in  seven  minutes. 
This  table  gives  roughly  an  idea  of  the  relative  rate  of  absorption 
by  the  alimentary  canal  of  most  of  the  non- volatile  alkaloids. 
Having  reached  the  blood-stream  strychnine   exerts  its  specific 
action  on  the  central  nervous  system,  and  it  will  be  convenient  to 
consider  its  action  on  the  cord,  medulla  and  cerebrum  separately. 

Cord. — If  a  poisonous  dose  of  strychnine  is  administered  to  an 
animal  or  to  man,  for  the  action  is  the  same  in  all  vertebrates,  the 
reflexes  are  quickly  heightened,  so  that  such  a  stimulation  as  a  sUght 
noise  leads  to  an  exaggerated  start.  There  is  a  certain  restlessness 
with  occasionally  involuntary  twitchings  of  muscles,  and  then  without 
further  warning  a  convulsion  occurs,  affecting  all  the  muscles  of 
the  body.  The  extensor  muscles  being  more  powerful  than  the 
flexor,  they  overshadow  the  effect  of  the  latter  so  that  the  animal's 
head  is  thrown  back,  the  fore  and  hind  limbs  are  extended,  and  the 
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FORE-LIMB 


trunk  forms  an  arch  with  its  concavity  backwards  ;  this  condition 
is  termed  opisthotonus.  In  a  variable  period,  generally  between 
ten  and  sixty  seconds,  complete  relax- 
ation occurs  and  the  reflex  irritability 
is  low,  but  it  gradually  rises  again 
until  the  convulsion  is  repeated. 

This  action  of  strychnine  is  not  on 
the  brain,  for  convulsions  are  still  pro- 
duced in  the  decapitated  frog.  Neither 
is  it  on  the  motor  nerve-endings  nor 
muscle,  because  section  of  the  nerve 
stops  the  spasms.  The  convulsions 
would  seem  therefore  to  have  their 
origin  in  the  cord,  and  we  find  that  as 
the  cord  of  a  strychninised  frog  is  de- 
stroyed from  above  downwards  so  the 
convulsions  cease  in  the  same  order. 
The  convulsions  are  not  initiated  in 
the  cord  but  from  a  definite  stimulus, 
which  is  generally  from  the  surface  of 
the  body.  If  a  frog,  which  has  had 
all  its  sensory  nerve-roots  cut  across, 
is  given  a  moderate  injection  of  strych- 
nine, tetanus  does  not  ensue  ;  or  if  the 
animal  is  bathed  in  a  5  per  cent,  solu- 
tion of  cocaine,  an  alkaloid  which 
paralyses  some  portion  of  the  peri- 
pheral sensory  apparatus,  quite  a  big 
dose  of  strychnine  produces  no  con- 
vulsions. The  convulsions,  therefore, 
arise  only  after  an  appropriate  stimu- 
lus. The  sensory  cells  on  the  pos- 
terior horns  do  not  influence  the  con- 
dition, for  typical  convulsions  are  still 
to  be  obtained  after  the  posterior  root- 
gangha  are  all  severed,  by  exciting  fig.  26.— Dorsal  Surface  of 
their  central  cut-ends.  the  Central  Nervous  Sys- 

Having  then  clearly  shown  that  tem  of  a  Frog. 
strychnine  acts  on  the  cord,  and  that 
this  effect  consists  in  the  nature  of 
an  exaggerated  reflex  initiated  by 
some  external  stimulus,  we  may  con- 
sider the  portion  of  the  cord  on  which 
it  acts.    When  a  small  stimulus  is 

applied  to  a  normal  animal  it  responds  in  a  definite  way  by  a  few  of 
its  muscles  contracting  ;  but  under  the  influence  of  strychnine  the 
impulse  spreads  out,  with  the  result  that  every  motor  cell  in  the  cord 
explodes.    There  is  reason  to  believe  that  this  effect  is  not  on  the 
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If  the  cord  is  exposed,  and  a  little 
strychnine  is  painted  on  it  in  tlie  re- 
gion "  A,"  general  convulsions  ensue 
on  pinching  one  fore-liinb.  But  the 
motor  cells  at  "  B  "  must  be  intact, 
for  pinching  the  hind-limb  produces 
a  normal  reflex.  Therefore,  convul- 
sions may  occur  when  the  motor 
cells  are  normal. 
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motor  cells  directly.  If  a  Irog  is  decapitated  posterior  to  the  cere- 
bral hemispheres  and  eviscerated,  and  if  its  cord  is  exposed  over 
the  brachial  plexus  and  a  little  strychnine  placed  on  it  (at  A  in 
Fig.  26),  in  a  few  minutes  typical  convulsions  over  the  whole  body 
can  be  obtained  by  pinching  one  of  the  fore-limbs.  That  is  to  say, 
convulsions  are  obtained  in  the  hind-limbs  as  well  as  the  fore- 

a 


Fig.  27. — Diagram  showing  Nerve-connections  in  the  Spinal  Cord. 

a,  =  fibre  of  the  pyramidal  tract ;  b  =  motor  cells  in  anterior  cornu  ;  c  =  sensory  cells  ; 
rf  =  motor  nerves  going  to  muscle  ;  e  =  posterior  root  ganglia  ;  /  =  sensory  nerve-endings 
in  skin  ;  g  —  sensory  fibres. 

strychnine  acts  on  some  portion  of  the  sensory  apparatus  g — probably  either  the  cells  c 
or  the  sensory  arborisations  round  cells — in  such  a  way  that  a  normal  impulse  beginning  at  /, 
instead  of  confining  its  direction  to  one  path  of  least  resistance  and  terminating  at  d,  now 
spreads  out  and  affects  all  motor  cells. 


limbs,  although  the  nerve-cells  supplying  the  former  (those  at  B) 
are  not  affected  by  strychnine.  Further,  if  the  hind  limb  is  pinched 
the  leg  contracts  in  a  normal  manner  showing  that  these  motor 
cells  are  intact.  Hence  the  action  must  be  on  some  part  of  the 
sensory  side  of  the  cord,  and  a  limited  number  of  strychninised 
sensory  cells  can  throw  every  motor  cell  in  the  body  into  activity. 
We  must  regard  the  sensory  cell  as  imposing  under  normal  condi- 
tions a  resistance  to  the  passage  of  an  impulse  and  so  directing  its 
course  into  a  definite  channel.    This  directing  action  and  resist- 
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ance  is  destroyed  by  strychnine,  all  paths  become  equally  easy, 
and  the  impulse  spreads  out  to  all  the  cells. 

Strychnine  is  a  tonic  to  striped  muscle,  that  is  to  say,  it  increases 
the  normal  tonus,  and  this  is  due  to  the  effect  on  the  cord. 

The  medulla  is  affected  in  the  same  way  as  the  cord,  the  ordinary 
afferent  stimuli  producing  exaggerated  effects.  The  respiratory 
movements  depend  on  afferent  impulses  reaching  the  medulla, 
and  strychnine  increases  and  exaggerates  these  so  that  the  move- 
ments of  respiration  are  both  quicker  and  deeper ;  hence  the 
alkaloid  may  be  valuable  in  bronchitis  and  allied  conditions  in 


Fig.  28. 

"  n -'^  ^  diagram  of  the  field  of  vision  of  a  healthy  man  as  measured  by  the  perimeter 
B    IS  another  estimation  fifteen  minutes  after  the  injection  of     grain  of  strychnine  This 
chart  was  mapped  out  for  the  perception  of  blue,  the  field  of  vision  for  which  is  especiallv 
mcreased  by  strychnine. 

which  the  centre  is  much  depressed,  and  cough  in  consequence 
very  feeble. 

Death  occurs  from  asphyxia  by  fixation  of  the  respiratory 
muscles  during  the  convulsions. 

The  vaso-motor  centre  is  stimulated  and  the  peripheral  vessels 
constrict.  The  vagal  centre  is  also  excited  so  that  the  heart-beat 
is  slower  than  normal. 

On  the  cerebrum  strychnine  produces  comparatively  little  effect. 
The  motor  area  is  said  to  be  shghtly  more  irritable  to  direct  electrical 
stimulation  than  in  the-  normal  state,  but  the  higher  centres  are 
mfluenced  very  little.  The  intellect  remains  unclouded  till  death, 
and  symptoms  .such  as  giddiness  or  ataxia,  suggesting  an  action  on 
the  brain,  are  absent. 

Sense  Organs. — Careful  observation  has  revealed  that  strychnine 
has  a  decided  action  on  the  .sense-organs. 

The  sense  of  smell  is  more  acute  and  is  said  to  be  altered  so  that 


ii6 


A  MANUAL  OF  PHARMACOLOGY 


a  pleasant  odour  becomes  more  agreeable,  and  an  unpleasant 
odour  less  disagreeable.  The  effect  lasts  for  about  twenty-four 
hours.  The  sense  of  touch  is  more  dehcate.  The  points  of  a  pair 
of  dividers  when  applied  to  the  skin  may  be  recognised  as  two 
points,  which  felt  Uke  one  point  previous  to  taking  the  strych- 
nine. '  Hearing  is  certainly  more  acute,  for  the  tick  of  a  watch  is 
appreciated  further  off  than  normaUy.  The  acuity  of  vision  is 
increased;  differences  in  shades  of  colour  become  visible  which 
appeared  'identical  to  the  normal  vision,  and  the  field  of  vision, 
especially  for  blue  colours,  is  enlarged.    These  effects  are  due  to  the 

action  of  strychnine  on  some 
part  of  the  sensory  nervous 
apparatus,  but  whether  peri- 
pheral as,  for  example,  in  the 
retina,  or  central  in  the  brain, 
we  must  for  the  present 
leave  undecided. 

Heart  and  Vessels. — The 
action  on  the  circulation, 
though  not  very  great,  is  of 
considerable  practical  im- 
portance. The  strength  of 
the  beat  in  the  isolated  heart 
of  the  frog  and  mammal  is 
increased,  though  not  to 
any  great  extent,  by  small 
doses  of  strychnine.  This  is 
due,  probably,  to  an  action 
directly  on  cardiac  muscle. 
Blood  -  pressure  is  raised 
Fig.  .9.-IS0LATED  Frog's  Heart  per-  mainly  on  accdunt  of  vaso- 
FusED  THROUGH  THE  HEPATIC  VEIN  coustriction  due  to  stimuia- 
wiTH  Ringer's  Solution.  -^jon  of  the  medulla,  so  that 

strychnine  considerably  im- 
proves the  pulse,  and  is 
largely  and  properly  em- 
ployed in  cases  of  cardiac 
failure  as  a  tonic  to  the  circulatory  system.  But  some  of  this 
vaso-constriction  is  no  doubt  peripheral  in  origin,  because  when 
strychnine  is  perfused  through  the  vessels  of  an  isolated  organ 
a  diminished  outflow  from  the  vein  is  obtained.  The  rise  m 
blood-pressure  can  equally  well  be  obtained  after  curare,  and  such 
a  rise  after  an  intravenous  injection  of  strychnine  is  shown  in 
Fig.  30.  This  rise  must  not  be  confounded  with  the  very  large  and 
temporary  rises  seen  in  Fig.  31,  and  due  to  the  intense  contraction 
of  the  voluntary  muscles  resulting  from  the  convulsions.  The 
action  on  the  centre  slows  the  rate  of  the  heart  sUghtly. 

The  skin- vessels  are  dilated  not  constricted.    It  is  not  exceptional, 


I  =  normal  heart.  II  shows  the  condition  after 
perfusing  for  one  hour  with  a  i  in  10,000  solution 
of  strychnine.  The  heart  is  slowed  by  prolonging 
diastole :  it  fills  and  empties  itself  more  com- 
pletely.   The  up-stroke  represents  systole. 
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as  wc  have  already  seen  under  atropine,  to  find  a  drug  which,  like 
strychnine,  acts  centrally  and  induces  vaso-constriction  of  the 
splanchnic  vessels  and,  at  the  same  time,  dilatation  of  the  skin- 
vessels. 

Other  Effects.— Strychnine  by  augmenting  all  the  reflexes  of 
the  cord  increases  those  pertaining  to  the  reproductive  organs,  and 
in  the  male  is  employed  as  aphrodisiac  and  in  the  female  as  an 
emmenagogue. 

All  convulsants  by  increasing  the  movements  of  the  body  tend 
to  raise  the  temperature  and  augment  metabolism.  The  rise  in 
temperature  is  counterbalanced  by  the  dilatation  of  the  skin- vessels, 
so  that  in  most  large  animals  the  temperature  does  not  rise,  and 
not  infrequently  it  falls.    The  increased  movements  are  also  respon- 


FiG.  30. — Dog.    A.C.E.    Curare.  Blood-pressure. 

At  "  A  "  grain  strychnine  was  injected  into  a  vein.  Ttie  effect  is  due  to  vaso-constriction, 
both  the  centre  in  the  medulla  and  the  nerve-endings  in  the  vessels  being  excited.  As  the 
motor  nerve-endings  are  paralysed,  artificial  respiration  is  being  carried  on. 


sible  for  an  enlarged  consumption  of  oxygen,  and  a  greater  carbonic 
acid  output,  as  well  as  for  an  increased  destruction  of  the  glycogen 
of  the  liver.  During  the  actual  convulsion  the  internal  absorption 
of  oxygen  is  enormous,  so  that  when  the  chest  becomes  fixed,  asphyxia 
is  extremely  rapid. 

Strychnine  increases  the  tonus  of  plain  muscle  throughout  the 
body  just  as  in  the  case  of  striped  muscle,  and  like  the  latter  effect 
it  is  probably  due  to  exaggerated  nervous  reflexes.  But  besides  this 
effect  strychnine  has  also  a  direct  stimulant  effect  on  plain  muscle 
just  as  it  has  a  direct  stimulant  action  on  the  heart.  It  is,  therefore, 
employed  in  such  conditions  as  chronic  constipation,  atony  of  the 
bladder,  or  in  any  other  condition  where  an  increase  of  tone  in 
plain  muscle  is  desirable. 

Strychnine  Hke  most  alkaloids  is  excreted  in  the  urine.  The  ex- 
cretion is  slow,  for  traces  of  the  alkaloid  may  often  be  found  in  the 
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urine  four  or  five  days  after  the  administration  has  ceased.  Possibly 
a  small  portion  is  oxidised  in  the  body,  but  there  is  no  evidence  that 
this  power  of  oxidation  can  be  cultivated  and  a  tolerance  produced 
to  the  drug. 

The  symptoms  of  poisoning  (after  about  |  gr.)  come  on  quickly 
five  or  ten  minutes  after  administration. 

There  is  first  a  stage  of  excitement  in  which  the  patient  is  very 
restless,  his  special  senses  are  all  sharpened,  and  tremors  and  in- 
voluntary twitchings  of  scattered  muscles  are  apt  to  occur.  In  a 
moment  the  whole  body  becomes  stiff  and  rigid,  all  the  muscles  are 
tense  and  there  is  opisthotonus.     In  this  condition  respiration 


Fig.  31.— Cat  (Decerebrate).  Blood-pressure. 

At  "  A  "  ^„  grain  strychnine  HCl.  was  injected  into  a  vein.    The  three  separate  increases 
pressure  at  the  "  C  "  are  due  to  convulsions.    Time  =  sees. 


ceases  and  rapid  cyanosis  comes  on.  The  angles  of  the  patient's 
mouth  are  drawn  down  and  give  rise  to  the  condition  known  as 
"  risus  sardonicus."  Consciousness  remains  perfect  to  the  end 
and  the  patient  suffers  acute  pain,  both  mental  and  physical. 

In  a  minute  or  two  muscular  tension  relaxes,  the  cyanosis  goes, 
and  the  patient  lies  exhausted  and  bathed  in  perspiration.  This 
attack  is  soon  followed  by  another,  and  death  occurs  either  in  a 
paroxysm  from  asphyxia  or,  in  the  intervals,  from  exhaustion.  In 
the  disease  known  as  tetanus  the  symptoms  begin  with  pain  and 
stiffness  of  the  neck  and  jaws,  and  the  tetanic  symptoms  come  on 
much  more  slowly.  In  strychnine  poisoning  the  symptoms  begm 
acutely,  a  general  convulsion  at  once  seizes  the  whole  body,  and  the 
relaxation  is  complete  ;  but  in  tetanus  there  is  some  permanent 
muscular  rigidity. 


BRUCINE  AND  TETANlJS  TOXIN 


Treatment  in  the  first  place  must  be  aimed  at  getting  rid  of  any 
strychnine  still  present  in  the  stomach.  If  convulsions  are  present 
the  use  of  the  stomach-pump  is  impossible,  but  emetics,  such  as 
mustard  or  ammonium  carbonate,  should  be  administered.  Potas- 
sium permanganate  or  tannin  can  be  employed  as  chemical  anti- 
dotes to  render  the  strychnine  inactive.  But  it  is  more  often  neces- 
sary to  do  something  to  relieve  the  convulsions.  For  this  purpose 
the  narcotics  may  be  exhibited  ;  the  convulsions  can  be  controlled  by 
anaesthesia,  and  large  doses  of  chloral,  bromides,  alcohol  or  urethane 
are  all  useful.  Urethane  is  particularly  valuable,  for  strychnine 
has  no  power  to  produce  convulsions  in  an  animal  under  the  in- 
fluence of  this  drug.  The  fatal  dose  of  strychnine  varies  from  |  to 
li  grs. 

If  strychnine  combines  chemically  with  some  portion  of  the 
spinal  cord,  it  would  seem  probable  that  an  emulsion  of  the  alkaloid 
and  spinal  cord  should  be  inactive.  Such  an  emulsion,  containing 
twice  the  minimal  lethal  dose  of  strychnine,  when  injected  into  an 
animal  subcutaneously  is  still  poisonous,  though,  perhaps,  a  little 
less  toxic  than  normally.  It  is  probable,  therefore,  that  the  strych- 
nine at  most  only  enters  into  some  very  loose  combination  with  a 
substance  in  the  cells  of  the  cord,  from  which  it  can  be  spUt 
off  again  quite  easily,  even  by  using  solvents  only,  so  that  when  the 
two  are  injected  subcutaneously  into  an  animal  the  strychnine 
produces  its  ordinary  action.  That  the  combination,  if  it  exists, 
is  of  a  loose  description  we  also  know  from  the  fact  that  after  a 
single  dose  of  strychnine  the  whole  of  the  drug  is  excreted  slowly 
during  some  three  or  four  days. 

Other  drugs  which  give  rise  to  symptoms  like  those  of  strychnine 
are  : — Bnicine,  which  is  only  about  ^  as  active ;  Calabarine, 
present  in  mmute  quantity  in  the  Calabar  bean,  and  of  little  practical 
significance ;  certain  of  the  opium  alkaloids. 

All  this  last  group,  including  morphine,  have  a  tendency  under 
certain  conditions  to  produce  the  most  marked  "  strychnine-con- 
vulsions." The  convulsant  action  of  narcotine  is,  however,  more 
important  practically  than  that  of  the  others  as  it  is  present  some- 
times in  large  quantities  in  certain  opiums,  and  may  be  responsible 
for  the  increased  reflexes  which  have  been  seen  after  an  exhibition 
of  the  crude  preparation. 

A  number  of  drugs  which  act  on  certain  nerve-cells  also  have 
a  tendency  to  produce  convulsions.  These  are  nicotine,  coniine, 
lobeline,  gelsemine  and  curarine.  The  effect  is  generally  unim- 
portant, and  may  be  masked  entirely  by  the  peripheral  effects, 
as  is  the  case  with  curarine. 

Tetanus  Toxin  is  a  body  which  can  be  isolated  from  tetanus 
cultures.  The  bacilli,  having  obtained  entrance  into  the  body, 
multiply  locally  and  liberate  the  toxin  which  is  absorbed  by  the 
motor  nerve-endings,  and  passes  up  these  to  the  cord  where  it 
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appears  to  produce  its  action,  but  not  in  the  same  way  as  strych- 
nine, for  the  tetanus  toxin  is  destroyed  in  the  process,  and  an  emul- 
sion of  toxin  and  spinal  cord  is  no  longer  poisonous  to  animals. 

A  number  of  drugs  give  rise  to  convulsions  by  an  action  on  the 
medulla,  such  are  ammonium  salts,  picrotoxin,  cornutine  from 
ergot,  cicutoxin  from  the  water  hemlock  Cicuta  virosa,  oenanthotoxin 
from  the  water  dropwort  (Enanthe  crocata,  and  coriamyrtin  from 
coriaria.  The  action  of  one  of  these  (picrotoxin)  will  be  described 
in  further  detail. 

Picrotoxin  is  a  neutral  principle  obtained  from  the  seeds  of 
Anamirta  paniculata.  Externally  it  is  sometimes  used  as  an  oint- 
ment to  kill  pediculi. 

If  it  is  injected  into  a  frog,  violent  clonic  muscular  contractions 
of  the  muscles  are  produced.  They  are  still  observed  after  removing 
the  cerebral  hemispheres,  but  are  said  to  be  modified  when  the 
optic  lobes  are  also  excised  and  to  cease  or  lose  their  characteristics 
when  the  medulla  is  removed.  The  spinal  reflexes  are  increased 
even  when  the  medulla  is  cut  off  from  the  cord,  but  in  the  higher 
aAimals  at  least  there  are  no  convulsive  movements.  So  that 
although  these  drugs  have  some  action  on  the  cord  their  chief  effect 
is  on  the  medulla. 

It  is  difficult  to  say  how  convulsions  can  be  produced  by  medul- 
lary stimulation,  but  it  is  certain  that  this  stimulation  does  lead  to 
clonic  contractions  of  the  muscles  over  the  whole  body,  and  further, 
there  can  be  no  doubt  that  the  effect  is  on  the  sensory  cells  in  the 
medulla. 

All  the  special  centres  in  the  medulla  are  excited  as  a  result  of 
this  increased  sensory  appreciation.  The  heart-beat  is  slower,  and 
the  effect  is  central  because  the  slowing  is  not  obtained  if  the  vagi 
are  first  severed.  The  excitation  of  the  vaso-motor  centre  results 
in  vaso-constriction  with  a  corresponding  rise  in  blood-pressure. 
Picrotoxin  has  some  further  action  on  the  heart  since  large  doses 
tend  to  weaken  the  beat. 

The  vomiting  centre  is  also  excited  :  the  effect  can  be  shown 
to  be  on  the  centre  since  vomiting  is  obtained  quicker  by  subcu- 
taneous injection  than  when  the  drug  is  administered  by  the  mouth. 

The  respiration  becomes  deeper  and  quicker.  Death  is  produced 
by  paralysis  of  the  medulla  in  the  later  stages  of  intoxication. 

The  action  of  picrotoxin  can  be  antagonised  by  the  anaesthetics 
and  narcotics.  Chloral,  for  example,  directly  depresses  the  medulla 
and  so  tends  to  depress  respiration,  and  to  lower  the  blood-pressure 
by  vaso-dilatation. 
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Nux  Vomica.    Dose,  i  to  4  grs. 

Preparations 

1.  Extractum  Nucis  Vomicae  Liquidum. — Standardised  to  contain 

1.5  per  cent,  of  strychnine. 
Dose,  I  to  3  m. 

2.  Extractum  Nucis  Vomicae. — Standardised  to  contain  5  per  cent. 

of  strychnine. 

Dose,  |-  to  I  gr. 

3.  Tinctura  Nucis  Vomicae. — Standardised  to  contain  0.25  per  cent. 

of  strj'chnine. 

Dose,  5  to  15  m. 

Strychnina.    Dose,      to  gr. 

Preparation 

Syrupus  Ferri  Phosphatis  cum  Quinina  et  Strychnina. — Each 
dr.  represents       gr.  strychnine. 
Dose,  ^  to  I  dr. 

Strychninae  Hydrochloricum.    Dose,  —  to  gr. 

Preparation 

Liquor  Strychninae  Hydrochloridi. — i  per  cent. 

Dose,  2  to  8  m.  by  the  mouth  ;  i  to  4  m.  subcutaneously. 
Picrotoxinum.    Dose,        to  gr. 
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CHAPTER  VIII 


THE  VEGETABLE  HYPNOTICS 


OPIUM 

Opium  is  the  dried  milky  juice  of  the  poppy  Papaver  somniferum, 
obtained  by  incision  from  the  unripe  capsules  of  the  plant  and 
inspissated  by  spontaneous  evaporation.  About  twenty-four 
hours  after  incision  the  exuded  juice  is  partially  dry  and  is  then 
scraped  off  with  blunt  knives.  Turkey  and  Persian  opium  are  the 
varieties  generally  used  in  medicine,  but  opium  obtained  from 
Persia  and  India  is  unsuitable  on  account  of  the  large  percentage  of 
narcotine  that  it  contains.  Opium  used  for  the  preparation  of 
the  tincture  and  extract  must  contain  not  less  than  7.5  per  cent, 
anhydrous  morphine,  and  for  other  officially  recognised  prurposes 
about  ID  per  cent.  ;  if  it  contains  more  than  this  amount  it  may  be 
diluted.    Good  Turkey  opium  usually  yields  from  12  to  18  per  cent. 

Good  opium  contains  roughly  one-fifth  its  weight  of  alkaloids. 
The  most  important  of  these  is  morphine  which  exists  in  combina- 
tion with  meconic  acid,  then  comes  narcotine  in  very  varying 
amounts  from  2  to  10  per  cent.,  codeine  (methyl  morphine)  0.3 
to  2  per  cent,  and  about  i  per  cent,  of  other  alkaloids  such  as  the- 
baine,  narceine,  papaverine,  &c.    The  other  constituents  are  meconic 

acid,  about  5  per  cent.,  resin 
gum,  albumen,  fat,  sugar 
and  salts. 

The  constitution  of  mor- 
phine is  important  on  ac- 
}CHs  count  of  the  large  number 
of  derivatives  which  have 
been  placed  upon  the  market 
in  recent  years.  The  mole- 
cule consists  of  a  tetra- 
hydro-phenanthrene  deriva- 
tive joined  to  another  ring 
containing  nitrogen. 

It  will  be  seen  from  the 
formula  that  morphine  con- 
tains two  hydroxyl  groups,  one  alcoholic  and  one  phenoHc,  to 
which  it  will  be  necessary  to  refer  later. 

*  This  formula  is  no  longer  regarded  as  being  absolutely  correct,  but  it 
suffices  to  show  how  the  artificial  derivatives— heroine,  dionine  and 
peronine — are  formed. 


HOHC 


Knorr's  Formula  for  Morphine.^ 
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Voluntary 
Moranent  (est 


Action 

When  morphine  is  taken  by  the  mouth  it  is  absorbed  readily, 
mainly  from  the  small  intestine  but  partly  from  the  stomach. 
It  has  a  specific  action  on  the  nerve-cells  of  the  brain,  particu- 
larly the  sensory  cells.  This  action  may  be  considered  under 
three  headings,  the  cerebral  hemispheres,  the  medulla  and  the 
cord. 

Cerebral  Hemispheres. — In  the  frog  morphine  has  a  character- 
istic action.  Before  considering  this  it  must  be  remembered  that 
when  drugs  acting  on  higher  nerve- 
cells  are  under  consideration,  the 
strength  of  the  action  is  in  rough 
proportion  to  the  relative  develop- 
ment of  the  parts  acted  upon,  and 
the  smaller  the  brain  the  greater  the 
dosage  necessary:  the  quality  of  the 
action  is  not  altered.  In  the  frog, 
since  the  cerebral  hemispheres  are 
little  more  than  protuberances  from 
the  third  ventricle,  one  would  not 
expect  morphine  to  produce  a  very 
marked  action  in  small  doses,  and  it 
is  found  that  frogs  and  all  animals 
which  have  such  small  hemispheres 
are  very  tolerant  to  all  the  opium 
alkaloids,  no  effects  following  doses 
which  would  produce  a  decided  action 
in  man.  If  1  gr.  of  morphine  is 
injected  into  the  lymph-sac  of  a  frog 
narcosis  ensues,  which  is  characterised 
by  suppression  of  the  functions  of 

the  brain  inversely  to   their  order  Dorsal  Surface  of  a  Frog's 

r    1      1  ,      i,.    ,  Brain. 

ot  development.    First  spontaneous   t,    „  ,   ,  ... 

„  ,„  .  ,\  .       ,      1  he  eSects  of  removing  the  bram  gradually 

movements     disappear,     the     animal     from  before  backwards  are  shown  on  the 

Sits  in  a  normal  attitude  and  reacts    sjfondtit^  tL  p^gf^S 

to  such  stimuli  as  pinching  like  a   L's^ror^he'lu^c'^tfonf 'of'^S^t^if 

normal  frog,    except    that  it  will  not     versely  to  the  order  of  their  development. 

avoid  obstacles ;  it  is,  in  fact,  in  the 

same  condition  as  if  its  cerebral  hemispheres  had  been  removed  by 
a  surgical  operation.  With  larger  doses  the  animal  shows  evident 
signs  of  inco-ordination  ;  it  can  no  longer  preserve  its  equilibrium,  and 
when  placed  on  its  back,  although  it  struggles,  it  fails  to  right  itself; 
the  effect  is  very  similar  to  that  which  may  be  obtained  by  the  removal 
of  both  the  fore  and  mid-brain.  Still  later  the  respiration  stops 
and  the  spinal  reflexes  disappear,  facts  which  show  that  the  medulla 
and  cord  have  been  affected.  After  a  lapse  of  several  hours  the 
frog  begins  to  recover,  its  reflexes  gradually  return  and  soon  become 


Cannot  control 
momnmt 

I  Cannot  jump 

i Unable  torecorer 
pomiun.  when  laid 
on  its  hack. 


Fig.    32.  —  Diagram    of  the 
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exaggerated,  and  the  condition  even  culminates  in  strychnine- 
like  convulsions  with  typical  opisthotonus  and  intervals  of  quiescence 
and  exhaustion.  The  action  is  produced — apparently  in  the  same 
way  that  strychnine  acts — on  the  sensory  part  of  the  cord.  This 
characteristic  effect  of  morphine  on  such  a  simple  central  nervous 
system  is  important,  because  in  all  higher  brains  the  quality  of 
action  remains  the  same,  but  with  proportional  doses  the  quantita- 
tive narcotic  action  increases  with  the  greater  development  of  the 
cerebral  hemispheres. 

Morphine  gives  rise  to  a  set  of  symptoms  in  mammals  which  can 
be  explained  most  easily  on  the  assumption  that  it  depresses  the 
various  cerebral  centres  in  the  reverse  order  of  their  development ; 
it  forms  a  good  example  of  the  "  law  of  dissolution."  The  higher 
psychical  centres  are  the  first  to  go.  Thus  attention,  self-control 
and  judgment  are  lost  early  :  any  sustained  mental  effort  becomes 
impossible  and  logical  sequence  in  thought  is  lost.  The  condition 
of  such  a  person  may  be  demonstrated  by  getting  him  to  write  the 
history  of  some  event,  which  he  will  do  perhaps  entirely  to  his  own 
satisfaction,  but  which  is  in  reality  very  poor  stuff,  showing  little 
sequence  or  critical  power.  He  has  lost  his  controlling  centres 
and  has  become  more  reflex,  and  so  is  at  the  beck  and  call  of  all 
kinds  of  extraneous  stimuli.  Sometimes  delusions  are  present, 
such  as  indistinct  and  agreeable  visions,  and  occasionally  fantastic 
lights  appear  before  the  eyes,  but  these  are  certainly  rare  in  the 
European.  Perhaps  the  commonest  delusion  is  an  over-estimation 
of  time  and  more  rarely  space  ;  but  these  are  more  usual  with  certain 
other  hypnotics,  particularly  Indian  hemp. 

The  administration  of  small  doses  of  morphine  to  mammals 
sometimes  produces  a  short  period  of  excitement.  This  is  shown 
by  restlessness  and  sleeplessness  :  in  the  case  of  man  there  is  an 
exuberance  of  imagination,  the  mind  wanders  from  one  subject  to 
another,  ideas  flow  rapidly  and  the  picture  presents  the  general 
exhilaration  of  intoxication.  This  excitement,  as  in  the  case  of 
chloroform  and  alcohol,  is  due  probably  to  the  dissolution  of  the 
higher  centres,  to  the  absence  of  guidance  of  trains  of  thought,  and 
not  to  a  direct  stimulation.  The  higher  centres  are  certainly  not 
stimulated  at  any  period,  since  the  time  taken  in  the  performance 
of  elementary  mental  efforts,  such  for  example  as  doing  sums, 
is  always  increased.  The  patient  has  a  desire  to  be  left  undisturbed, 
in  a  condition  of  dreamy  abstraction  and  languid  ease.  Soon  this 
gives  place  to  a  feeUng  of  drowsiness,  the  eyelids  droop,  the  body 
seems  like  lead,  and  he  passes  into  a  sleep  often  filled  with  dreams, 
but  without  tendency  to  voluntary  movement.  The  man  may  be 
roused  from  this  sleep  and  induced  to  walk,  although  in  a  clumsy 
and  awkward  fashion,  but  without  any  signs  of  motor  weakness. 
In  correlation  with  this  fact,  it  should  be  mentioned  that  in  animals 
the  excitability  of  the  cerebral  cortex  is  unaffected  by  morphine. 

All  feehngs  and  sensations  and  particularly  those  of  pain  are 


MORPHINE  125 

decidedly  diminished.  The  reflexes  gradually  become  less  marked, 
tendency  to  cough  is  lessened  and  touching  the  cornea  produces 
little  inconvenience.  The  stimuh  arising  from  light,  sound  and 
touch  similarly  give  rise  to  diminished  sensations.  The  whole  action 
must  be  regarded  as  due  to  the  depression  of  all  sensory  cells  or,  in 
other  words,  to  a  diminished  consciousness,  for  consciousness  is 
made  up  of  a  number  of  processes,  ideas,  feeUngs,  wishes,  resolu- 
tions, &c.,  and  these  are  largely  if  not  entirely  reflex,  i.e.,  they  are 
called  into  being  through  sensations. 

The  hypnotics  of  the  methane  series  produce  general  depression 
of  all  nerve-cells,  motor  as  well  as  sensory,  although  there  is  reason 
to  believe  that  the  sensory  cells  are  attacked  first.  Morphine  has  a 
specific  effect  on  sensory  nerve-cells  alone. 

Sometimes  though  rarely  the  excitement  stage  may  be  prolonged 
undifly,  or  the  patient  becomes  maniacal  :  this  condition  is  more 
usual  in  women  and  children  possessing  a  highly  emotional  tem- 
perament than  in  men,  but  it  is  commonest  in  Malays  and  other 
Eastern  races. 

Cats  (Felidas)  are  peculiar  among  animals,  in  that  morphine  gives 
rise  at  first  to  very  marked  restlessness  and  excitement ;  the  animal 
rushes  wildly  about,  its  intelligence  and  perception  are  less,  for  it 
does  not  avoid  obstacles,  nor  does  it  learn  to  avoid  them  by  ex- 
perience. This  probably  is  not  due  to  direct  stimulation  of  the 
motor  area  for,  as  already  mentioned,  there  is  little  evidence  that 
this  area  is  affected  by  electrical  stimulation  after  morphine,  and 
what  effect  there  may  be  is  rather  in  the  direction  of  depression. 
The  excitement  must  be  explained  by  a  dissolution  of  the  controlling 
centres.  Why  the  cat  should  be  affected  in  this  way  more  than 
other  animals  it  is  difficult  to  say  ;  but  drugs  which  affect  the  central 
nervous  system  nearly  always  exhibit  idiosyncrasies  in  different 
animals  and  not  infrequently  in  animals  of  the  same  genus.  To 
exemplify  this  it  is  necessary  only  to  refer  to  the  varieties  of  alcohohc 
intoxication  in  man,  the  lachrymose,  pugnacious,  hilarious,  &c., 
all  of  which  are  determined  by  the  man's  habitual  mode  of  thought, 
one  type  being  constant  for  each  individual. 

The  administration  of  morphine  may  give  rise  very  occasionally 
to  stimulation  of  the  spinal  cord,  as  shown  by  the  increase  in 
the  reflexes,  and  this  is  more  frequent  m  young  animals  and 
children :  tetanic  convulsions  such  as  are  obtained  in  frogs  are 
never  seen. 

The  question  now  arises  why  should  this  effect  on  the  cord  be  so 
feebly  developed  in  the  mammal  and  yet  so  markedly  in  the  frog. 
We  have  noted  already  that  it  is  due  to  excitation  of  the  posterior 
(sensory)  ])art  of  the  cord,  and  the  mode  of  production  is  similar 
in  every  way  to  that  of  strychnine.  The  simplest  explanation  of 
the  action  of  morphine  is  that  it  produces  a  depression  of  the  sensory 
cells  throughout  the  body  :  with  small  doses  the  psychical  centres 
only  are  affected,  and  with  large  doses  the  lower  centres  and  cord 
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are  attacked.  In  those  animals  in  which  the  cerebral  hemispheres 
are  poorly  developed,  such  as  the  frog,  relatively  very  large  doses 
of  morphine  are  necessary  to  produce  a  decided  depressing  effect  on 
the  lower  centres,  the  mid-brain  and  cord,  so  large  indeed  that  such 
doses  administered  to  man  in  anything  like  proportional  amounts 
would  produce  death  by  paralysing  the  medulla.  If  very  large 
doses  of  morphine  are  given  to  mammals  which  are  kept  alive  by 
means  of  artificial  respiration,  increased  reflexes  or  even  convul- 
sions may  be  observed.  One  explanation  of  the  action  of  morphine 
on  the  cord  is  that,  as  the  depression  of  the  cells  of  the  cord  passes 
off,  they  become  hyper-sensitive  and  so  give  rise  to  convulsions. 
Another  explanation  which  has  been  offered  is  the  supposition  of 
paralysis  of  the  motor  nerve-cells,  and  at  the  same  time  excitation 
of  the  sensory  cells.    The  first  symptoms  of  the  drug  according  to 


Fig.  33.— Dog.    Cheyne-Stokes  Respiration  produced  after  a 
Large  Dose  of  Morphine  (iJ  gr.). 
Up-stroke  =  inspiration. 


this  view  are  due  to  the  effect  on  the  anterior  root  being  the  most 
marked,  and  the  latter  effect  to  the  sensory  portion  being  most 
affected  and  more  than  counterbalancing  the  motor  effect.  This 
is  a  pure  speculation  without  any  evidence  in  its  support. 

The  greater  the  development  of  the  cerebrum  the  smaller  is  the 
tendency  of  morphine  to  produce  any  decided  excitation  of  the 
cord,  and  the  smaller  is  the  relative  dose.  Frogs  recover  after 
enormous  doses  of  morphine  although  respiration  may  have  ceased 
for  several  hours. 

In  man  larger  doses  (i  to  2  grs.)  lead  to  a  deeper  sleep,  from  which 
the  patient  is  awakened  only  with  difficulty  ;  it  is  followed  later 
by  coma.  A  dog  after  a  large  dose  shows  all  the  signs  of  diminution 
of  sensory  impressions.  It  Ues  in  a  crouching  attitude  from  partial 
paralysis  of  the  hind  Umbs,  and  is  in  a  condition  resembhng  that 
seen  after  ablation  of  the  motor  areas. 

To  sum  up,  morphine  depresses  all  sensory  nerve-cells  in  the  brain 
and  only  very  shghtly  the  rriotor  cells.  In  the  cord  there  is  at  first 
a  similar  depression,  which  may  be  followed  by  some  hyper-excita- 
bihty,  as  shown  by  twitchings,  tremors,  or  even  sometimes  by  tetanic 
convulsions. 

Even  small  doses  of  morphine  have  an  action  on  the  respiratory 
centre  in  the  medulla.    The  respiration  becomes  slower,  and  the 
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inspiration  is  somewhat  prolonged  so  that  it  is  deeper  than  usual ; 
the  sum  total  of  these  two  factors  is  to  diminish  the  absorption  of 
oxygen.  In  a  resting  rabbit  the  air  expired  in  thirty  seconds 
averages  about  200  cc.  If.  o.oi  gram  morphine  hydrochloride  is 
administered  as  an  injection  the  average  soon  falls  to  about  go  cc, 
and  in  man  a  similar  condition  obtains,  though  not  so  exaggerated 
as  m  the  example  given.  In  larger  doses  the  respiration  becomes 
very  shallow,  and  before  death  frequently  assumes  the  Cheyne- 
Stokes  type.  The  explanation  of  this  action  on  the  medulla  is 
further  discussed  under  heroine. 

Morphine  is  commonly  employed  to  stop  useless  coughing,  and 
this  it  does  by  diminishing  reflex  irritation. 

Peripheral  Effects. — Morphine  has  no  action  on  either  motor 
or  sensory  nerve-endings,  so  that  the  local  application  of  this  drug 
m  any  form  is  irrational,  and  any  good  results  which  may  ensue 
are  probably  the  result  of  absorption. 

The  acuity  of  all  sensations  is  diminished.  This  may  be  ob- 
served readily  in  the  skin  by  measuring  the  shortest  distance  at 
which  the  two  points  of  a  pair  of  dividers  can  be  recognised 
separately.  When  a  number  of  control  experiments  have  been  per- 
formed it  is  found  that  after  a  dose  of  morphine  this  distance  is 
decidedly  increased.  The  effect  of  the  drug  begins  a  few  minutes 
after  the  injection,  and  lasts  for  about  twelve  hours. 

Morphine  has  little  action  on  the  secretions,  but  such  as  it  has 
leans  towards  depression  ;  the  perspiration  is  an  exception,  how- 
ever, for  this  is  increased  as  a  result  of  the  cutaneous  vaso-dila- 
tation  ;   from  the  same  cause  rashes  are  also  sometimes  seen. 

The  secretion  of  urine  is  uninfluenced  by  morphine,  and  this 
drug  would  form  a  valuable  hypnotic  in  renal  disease  were  it  not 
for  the  constipation  it  induces. 

Circulation.— Morphine  has  little  effect  on  the  heart  or  vessels. 
It  slightly  depresses  the  medulla,  and,  like  many  other  drugs 
which  do  this,  for  example  the  hypnotics  of  the  methane  series, 
it  dilates  the  skin-vessels  whilst  producin^g  little  effect  on  other 
vessels,  such  as  the  splanchnic  :  in  consequence  it  hardly  affects 
blood-pressure.  The  dilatation  of  the  cutaneous  vessels  is  accom- 
panied by  a  feeling  of  warmth,  and  occasionally  by  intolerable 
itching  and  rashes. 

Many  allied  alkaloids  produce  decided  vaso-dilatation  of  all 
vessels,  with  a  corresponding  fall  in  blood-pressure.  This  has 
been  shown  already  to  depend  upon  the  depression  of  certain 
sympathetic  nerve-cells,  particularly  those  on  the  course  of  the 
splanchnic  fibres,  so  that  the  effect  is  produced  in  the  same  way  as 
It  would  be  by  cutting  through  the  splanchnic  nerves.  The  four 
alkaloids— morphine,  codeine,  apomorphine  and  apocodeine— pro- 
duce, in  the  order  mentioned,  an  increasing  fall  of  blood-pressure, 
and  this  fall  corresponds  exactly  to  their  relative  power  of  paralysing 
these  nerve-cells.  r      j  & 
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Alimentary  CanaL— Morphine  and  its  allies  have  two  distinct 
actions  on  the  alimentary  canal.  The  one  is  obtained  whilst  the 
drug  is  in  the  circulation,  and  depends  on  a  depression  of  certain 
nerve-cells.  The  other  and  more  important  is  obtained  during  the 
excretion  of  the  drug  into  the  gut,  and  is  a  direct  action  on  the 
gut  wall.  In  order  to  understand  this  first  action  it  will  be  ad- 
vantageous to  consider  once  again  the  four  alkaloids,  apocodeine, 
apomorphine,  codeine  and  morphine.  All  these  produce  some 
purgation  in  dogs  and  cats,  but  the  action  is  much  the  greatest  with 
apocodeine,  less  with  apomorphine,  still  less  with  codeine  and  least 
with  morphine.  It  falls  off  in  a  regular  sequence  in  precisely  the 
same  way  as  the  vaso-dilatation  ;  and  running  parallel  with  these 
two  effects  is  their  relative  action  on  sympathetic  nerve-gangka. 

When  a  comparatively  large,  dose  of  any  of  these  drugs  suddenly 
reaches  the  blood-stream  it  increases  the  tonus  and  peristaltic 
movements  of  the  plain  muscle  in  the  alimentary  canal.  This  is 
readily  seen  in  mammals  by  direct  observation  of  the  intestines  when 
the  drug  is  injected  directly  into  the  circulation.  A  subcutaneous 
injection  in  the  cat  or  dog  induces  purgation  generally  with  vomit- 
ing in  a  few  minutes,  and  in  man  a  big  injection  of  morphine  may 
induce  nausea,  vomiting  and,  in  rare  cases,  even  purging,  whilst 
apocodeine  invariably  produces  one  or  more  stools. 

The  action  is  not  peripheral,  since  if  these  alkaloids  are  painted 
directly  on  living  mammahan  gut  they  stop  all  peristaltic  move- 
ments ;  nor  is  it  entirely  on  the  brain,  medulla  or  cord,  since  the 
drugs  'still  increase  peristaltic  movements  after  section  of  the 
splanchnics  and  vagi.    It  is  probable  that  the  paralysis  of  the  ceUs  of 
the  splanchnic  are  responsible  for  the  effect.    The  splanchmc 
nerve  is  the  inhibitory  nerve  to  the'  gut,  and  just  as  mcotme  and 
coniine  produce  initial  inhibition  of  peristaltic  movement  by  stimu- 
lation of  the  cells  on  the  course  of  these  fibres,  so  the  drugs  under 
consideration  augment  peristaltic  movement  by  diminishing  inhi- 
bitory influences.    Indeed,  the  effect  is  analogous  to  the  excitement 
after  alcohol,  where  the  hyper-activity  is  due  to  depression  of  in- 
hibition.   It  is  easy  to  show  that  there  is  more  or  less  paralysis  ot 
the  solar  sympathetic  ganglia  after  the  injection  of  these  alka- 
loids •   this  is  done  by  stimulating  electrically  first  the  splanchnic 
and  then  the  post-ganglionic  fibres  as  they  leave  the  solar  ganglion. 
The  second  stimulation  has  all  the  .ordinary  effects  of  splanchnic 
excitation,  such  as  increase  of  blood-pressure  from  vaso-constnction 
and  inhibition  of  the  intestinal  movements,  whilst  stimulating  the 
splanchnics  themselves  gives  either  no  effect  or  a  reduced  one. 

The  opium  alkaloids  in  the  same  way  augment  the  normal  move- 
ments of  the  stomach  and  the  tonic  contraction  of  the  cardiac  end. 

However  interesting  these  initial  augmented  peristaltic  move- 
ments may  be,  the  opium  alkaloids,  and  particularly  morphine  are 
given  to  produce  the  contrary  effect,  to  check  excessive  peristalsis. 
It  is  only  when  the  drug  rapidly  reaches  the  circulation  that  an 
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initial  augmentation  of  the  movements  is  observed.  If  morphine 
is  painted  on  the  living  mammalian  gut  peristaltic  movements 
cease.  This  action  is  not  on  the  muscle,  since  it  still  responds 
normally  to  the  electrical  current  and  to  drugs  acting  directly 
on  muscle,  such  as  barium,  which  at  once  throws  it  into  local  con- 
traction rings.  The  paralysis  is  probably,  therefore,  in  some  part 
of  the  peripheral  nervous  mechanism,  and  in  support  of  this  is  the 
fact  that  pilocarpine,  a  drug  which  acts  on  nerve-endings,  has  no 
effect  when  applied  directly  to  the  paralysed  gut,  but  produces  violent 
contractions  if  painted  on  normal  portions.  Morphine  is  entirely 
excreted  by  the  ahmentary  canal,  even  when  it  is  injected,  and  it  is 
probably  during  its  excretion  that  it  mainly  affects  the  peripheral 
nervous  mechanism  and  so  produces  diminution  of  the  normal  peris- 
taltic movements. 

Metabolism  and  Intolerance. — We  have  seen  already  that  the 
absorption  of  oxygen  is  considerably  diminished  after  morphine  ; 
the  carbonic  acid  output  is  diminished  also,  although  not  to  the 
same  relative  extent  as  the  oxygen.  As  a  result,  the  amount  of 
carbonic  acid  present  in  the  blood  is  usually  increased  slightly. 
Metabolism  is  lessened,  no  doubt,  on  account  of  the  general  quies- 
cence. In  consequence  of  these  combined  effects  less  nitrogen  is 
excreted  in  the  urine. 

Morphine  is  excreted  by  the  whole  alimentary  tract.  About 
five  minutes  after  a  small  hypodermic  injection  it  can  be  detected 
m  the  contents  of  the  stomach.  Only  the  merest  trace  is  excreted 
by  the  urine. 

If  a  sub-lethal  hypodermic  injection  of  morphine  is  given  to  a  dog 
about  70  per  cent,  of  this  can  be  extracted  from  the  faeces.  If  the 
same  dose  is  administered  daily  the  amount  excreted  gradually 
diminishes  until  Httle  or  no  morphine  is  excreted  at  all.  Moreover, 
m  proportion  as  the  morphine  ceases  to  be  excreted  it  loses  its  action,' 
and  in  order  to  produce  the  same  effect  on  the  animal  as  that 
obtained  by  the  first  injection,  ever  increasing  doses  must  be  given. 
If  the  dog  under  experiment  is  killed  at  this  stage  no  morphine  can 
be  found  in  any  of  the  tissues.  It  is,  therefore,  certain  that  the  living 
tissues  are  capable  of  destroying  this  alkaloid,  and  it  is  very  prob- 
able that  habituation  to  morphine  and  the  increasing  doses  neces- 
sary to  satisfy  the  morphomaniac  are  due  to  the  increased  capacity 
of  the  tissues  to  destroy  the  alkaloid.  An  analogous  example, 
though  less  marked,  is  that  of  alcohol,  in  which  the  habitue  can 
oxidise  more  than  the  novice. 

The  bodies  which  give  rise  to  the  characteristic  odour  of  opium 
are  excreted  mainly  by  the  urine,  but  also  to  some  extent  by  the 
breath  and  perspiration. 

Toxicology.— After  taking  i  to  2  grs.  of  morphine  sleep  is  quickly 
induced  ;  it  becomes  deeper  and  deeper,  and  passes  into  coma. 
In  well-marked  cases  the  reflexes  disappear,  the  respiration  becomes 
•slower  and  shallower,  and  is  often  no  quicker  than  two  or  three 
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per  minute  ;  it  may  assume  the  Cheyne-Stokes  type.  Consequently 
the  patient  is  more  or  less  cyanotic.  Blood-pressure  falls,  though  not 
greatly,  the  skin  is  cold  and  moist  with  perspiration,  and  the  pupils 
are  contracted  almost  to  a  pin-point.  Death  occurs  from  asphyxia. 
Very  occasionally  death  is  preceded  by  convulsions  ;  these  are  more 
common  after  opium  than  morphine,  and  may  be  due  to  the  drug 
containing  a  large  percentage  of  narcotine. 

The  diagnosis  between  opium  poisoning,  alcoholic  intoxication 
and  hcEmorrhage  into  the  brain  must  be  determined  by  the  history, 
the  smell  of  the  opium,  and  the  contracted  pupils,  although  in  haemor- 
rhage into  the  pons  the  latter  sign  is  also  present. 

The  opium  habit  shows  itself  in  two  ways :  in  some  habitues 
large  quantities  are  necessary  to  produce  the  required  result,  whilst 
in  others  a  long  interval  is  requisite  for  the  drug  to  take  effect. 
The  latter  action  is  attributed  to  a  diminution  in  absorptive  power. 
The  habit  is  common  in  India,  where  5  to  10  grs.  of  opium  taken  by 
the  mouth  forms  a  common  daily  dose,  and  in  China  where  about 
10  per  cent,  of  the  males  smoke  opium.  Europeans,  with  whom  the 
habit  is  very  much  rarer,  usually  employ  injections  of  morphine. 
When  once  the  habit  is  formed,  deprivation  of  the  drug  leads  to 
sleeplessness,  mental  misery  and  lack  of  physical  energy,  whilst 
diarrhoea,  tremors  and  other  nervous  symptoms  develop,  which  all 
disappear  when  the  craving  is  satisfied.  After  prolonged  over- 
indulgence the  mental  powers  become  enfeebled,  the  moral  faculties 
perverted  and  the  motor  centres  show  signs  of  degeneration. 

The  general  use  of  opium  in  India  led  to  a  Royal  Commission 
{1805)  which  reported  that  moderate  indulgence  led  to  no  mjunous 
effects' and  did  not  shorten  life  ;  but  that,  on  the  contrary,  it  tended 
to  ward  off  sickness  and  lessened  the  discomfort  consequent  on 
poor  food  and  gastro-intestinal  and  malarial  diseases.  On  the 
Chinese  the  effect  of  smoking  the  drug  is  to  produce  shght  excite- 
ment followed  by  a  feehng  of  ease  and  satisfaction.  Europeans,  at 
all  events  at  first,  derive  little  satisfaction  from  the  smoking,  but 
with  practice  they  Hkewise  become  slaves  to  the  habit. 

The  treatment  of  acute  opium  poisoning  should  consist,  in  the 
first  place,  in  washing  out  the  stomach  with  a  dilute  solution  of 
potassium  permanganate,  which  oxidises  morphine  and  rendeis  it 
inactive.  This  may  be  repeated  three  or  four  times  at  intervals, 
because  the  drug  continues  to  be  excreted  into  the  stomach.  As 
death  results  from  respiratory  failure  every  means  should  be  taken  to 
combat  this  by  stimulating  the  medulla.  This  may  be  attempted 
refiexly  by  the  f  aradaic  current  or  flicking  the  body  with  a  cold  damp 
towel,  but  artificial  respiration  must  not  be  neglected  and  should 
be  employed  early.  Lastly,  drugs  antagonistic  to  morphine  which 
stimulate  the  centre  may  be  injected,  such  as  caffeine,  strychnine 
and  atropine.  Any  of  these  are  antagonistic  to  morphme,  in  that 
they  induce  vaso-constriction  by  acting  upon  the  medulla,  and 
therefore  tend  to  raise  the  blood-pressure  and  stimulate  the  respira- 
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tory  centre.  The  dilatation  of  the  pupils  induced  by  atropine  is 
not  a  true  antagonistic  effect  to  the  pin-hole  pupils  of  morphine, 
because  the  former  drug  acts  peripherally  on  the  nerve-endings  of 
the  third  whilst  the  action  of  the  latter  is  central. 

Comparison  of  the  Different  Opium  Alkaloids 

All  the  opium  alkaloids  produce  nervous  depression,  which  is 
succeeded  by  a  more  or  less  pronounced  stage  of  convulsions.  The 
depression  is  an  effect  beginning  upon  the  psychical  centres  in  the 
brain  and  working  downwards  in  an  evolutionary  order,  following 
the  law  of  dissolution.  The  convulsions  ate  due  to  a  strychnine- 
like action  on  the  cord,  and  are  a  separate  and  distinct  feature. 
These  alkaloids  may  be  roughly  classed  according  to  which  of  these 
actions  predominates : — 

Morphine  (most  narcotic). 

Papaverine. 

Codeine. 

Narcotine. 

Thebaine. 

Laudanine  (most  convulsant"). 
Morphine  is  the  most  narcotic  and  analgesic;  increased  reflexes 
or  spasmodic  twitchings  are  extremely  rare  during  its  administra- 
tion. Codeine  (methyl  morphine)  in  small  doses  produces  a  sHght 
but  distinct  narcosis,  but  the  sleep  is  not  so  sound  and  restful  as  with 
morphine,  and  is  followed  occasionally  by  restlessness  and  increased 
reflexes.  Excitement  and  muscular  twitchings. follow  the  adminis- 
tration of  large  doses,  and  when  it  is  injected  into  animals  spasmodic 
twitchings  are  more  readily  obtained  than  with  morphine. 

The  depressant  action  of  codeine  on  sympathetic  nerve-cells  is 
greater  than  that  of  morphine,  and  therefore  there  is  a  larger  fall  of 
blood-pressure  from  vaso-dilatation  and  an  augmentation  of  the 
movements  of  plain  muscle  ;  the  injection  of  the  drug  subcutaneously 
into  man  has  given  rise  to  vomiting  and  occasionally  to  purgation. 
Codeine  is  less  depressant  to  the  medulla  (respiratory  centre)  than 
morphine,  and  as  it  has  the  same  action  on  the  sensory  nerve-cells 
it  is  used  to  stop  useless  cough.  Papaverine  has  an  action  very 
similar  to  that  of  codeine.  Small  doses  induce  sleep,  which  does 
not  become  deeper  as  the  dose  is  increased,  but  is  followed  by  a  stage 
of  increased  reflexes. 

Thebaine  may  be  taken  as  typical  of  the  more  convulsant  alka- 
loids. Like  the  other  alkaloids  it  possesses  both  a  narcotic  and 
convulsant  action,  but  its  narcotic  action  is  masked  largely  by 
its  effect  on  the  cord.  The  first  result  of  an  injection  into  animals 
is  usually  well-marked  strychnine-like  convulsions.  Morphine  and 
thebaine  are  not  diametrically  opposite  in  action,  indeed  the  kind 
of  action  is  the  same  in  both  cases ;  but  whereas  the  depression  of 
sensory  cells  of  the  brain  is  the  characteristic  feature  after  morphine 
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whilst  the  cord  is  comparatively  little  affected,  thebaine  has  a  very 
marked  action  on  the  cord,  which  masks  the  cerebral  effect. 

Thebaine  differs  from  morphine  chemically  m  possessmg  two 
CH  groups  in  place  of  the  two  hydrogens  of  the  hydroxyl,  and  m 
containing  two  hydrogens  less  in  the  remaining  radicle. 
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Thebaine. 

Narcotine  is  less  poisonous  than  morphine  or  thebaine  :  as 
regards  quaUty  of  action  it  occupies  a  position  between  codeme  and 
thebaine  When  it  is  administered  to  animals  the  depressant  action 
on  the  cerebral  hemispheres  is  not  well  marked,  because  of  the  early 
onset  of  cord  symptoms. 

Artificial  Alkaloids  of  the  Morphine  Group 
In  recent  years  a  number  of .  artificial  morphine  derivatives, 
prepared  in  the  laboratory,  have  been  recommended  as  substitutes 
for  morphine.  One  benzene  ring  of  the  morphine  molecule  contains 
two  (OH)  groups,  one  alcohoHc  and  one  phenolic  ;  the  most  interest- 
ing derivatives  pharmacologically  are  those  obtained  by  modifying 
these  two  groups.  Three  such  compounds  only  reqmre  mention, 
dionine,  the  hydrochloride  of  ethyl  morpliine,  in  which  the  hydrogen 
of  the  phenohc  OH  is  replaced  by  C^H^.  In  action  it  closely  re- 
sembles that  of  codeine,  which  is  methyl  morphine.  Peromne  is 
the  hydrochloride  of  benzoyl  morphine,  in  which  the  hydrogen 
of  the  phenolic  OH  is  replaced  by  C.UfH, ;  and  herotne  has  the 
hydrogens  of  both  (OH)  groups  replaced  by  the  acetyl  (CH3LO) 

'^The^se  substitution  compounds  should  not  be  confounded  with 
the  morphium  and  strychnium  compounds  which  are  addition 
compounds.  Unfortunately  methyl-strychnine  is  often  referred  to 
when  methyl-strychnium  chloride  is  really  what  is  meant. 

The  object  in  forming  these  bodies  has  been  to  produce  a  sedative 
resembhng  morphine,  which  will  relieve  pain,  without  having  the 
depressing  action  of  morphine  on  the  respiratory  centre,  or  this 
purpose  dionine,  heroine  and  codeine  are  the  rivals.  AU  these 
three  are  employed  to  diminish  useless  cough  and  alleviate  other 
forms  of  peripheral  irritation.  The  introduction  of  the  acid  and 
alkyl  groups  into  the  morphine  molecule  weakens  the  narcotic, 
but  strengthens  the  convulsant  action,  and  increases  the  depression 
of  the  sympathetic  nerve-cells. 

All  these  drugs  have  a  characteristic  action  on  respiration  ;  they 
slow  the  rate,  but  increase  the  depth;  so  that  the  total  respiratory 
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exchange  is  little  altered.  The  action  is  not  a  simple  stimula- 
tion of  the  centre,  such  as  hydrocyanic  acid  or  caffeine  might  pro- 
duce, nor  is  it  a  simple  depression  such  as  chloral  might  induce. 

For  the  normal  performance  of  the  respiratory  functions  the 
arrival  of  afferent  impulses  at  the  centre  is  necessary,  and  if  as 
many  afferent  nerves  to  the  medulla  as  possible  are  cut  through 
with  the  knife  the  respiratory  movements  become  slower  and 
deeper.  Now  we  know  that  morphine  specially  depresses  the 
afferent  impulses,  probably  at  the  sensory  nerve-cells,  and  we 
believe  that  the  drugs  under  consideration  produce  their  effects 
by  limiting  the  afferent  impulses.  Hence  the  automatic  activity 
of  the  centre  is  diminished,  but  when  an  explosion  occurs  it  is  more 
violent  than  normal,  not  on  account  of  any  stimulation  of  the  cells, 
but  as  a  result  of  greater  activity  after  rest. 

MATERIA  MEDICA 

Papaveris  Capsulae. — The  nearly  ripe,  dried  fruit  of  Pap  aver  somni- 
ferum.    They  contain  a  little  opium. 
Opium.    Dose,  ^  to  2  gr. 

Preparations 

1.  Tinctura  Opii. — Laudanum.    Powdered  opium,  3  oz.  ;  alcohol 

(90  per  cent.),  and  water,  equal  parts.    Standardised  to 
contain  0.75  per  cent,  morphine. 
.J  ^       Dose,  5  to  15  m.  for  repeated,  20  to  30  m.  for  single  ad- 
ministration. 

2.  Tinctura  Camphorae  Composita. — Paregoric.    Tincture  of  opium, 

benzoic  acid,  camphor,  oil  of  anise,  alcohol.    Strength  of 
opium  2  grs.  in  i  oz. 
Dose,  1^  to  I  dr. 

3.  Tinctura  Opii  Ammoniata. — Is  a  somewhat  similar  preparation, 

containing  ammonia  instead  of  camphor.    Strength  of  opium  : 
5  grs.  in  i  oz. 

Dose,  i  to  I  dr. 

4.  Extractum  Opii. — Opium,  distilled  water.    Strength  of  opium  : 

2  in  I .    Standardised  to  contain  20  per  cent,  of  morphine. 
Dose,  i  to  I  gr. 

5.  Extractum  Opii  Liquidum. — Standardised  to  contain  0.75  per 

cent,  of  morphine. 
Dose,  5  to  30  m. 

6.  Pilula  Plumbi  cum  Opio. — Opium,  lead  acetate.     Strength  : 

I  in  8. 

Dose,  2  to  4  grs. 

7.  Pilula    Saponis  Composita. — Opium,    hard    soap.     Strength  : 

I  in  5. 

Dose,  2  to  4  grs. 

8.  Pilula  Ipecacuanhae  cum  Scilia.— Compound  ipecacuanha  pow- 

der, 3  ;  squill,  T  ;  ammoniacum,  1  ;.    Strength  :   i  in  20. 
Dose,  4  to  8  grs. 
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9.  Pulvis  Ipecacuanhae  Compositus.— Dover's  powder.  Powdered 

opium,  I  ;  ipecacuanha,  i  ;  potassium  sulphate,  8.  Strength  : 
I  in  10. 

Dose,  5  to  15  grs. 

10.  Pulvis  Cretse  Aromaticus  cum  Opio.— Opium,  aromatic  chalk 

powder.    Strength  :  i  in  40. 
Dose,  10  to  40  grs. 

11.  Pulvis  Kino  Compositus.— Opium,  i  ;  kino,  15  ;  cinnamon,  4. 

Strength  :  i  in  20. 
Dose,  5  to  20  grs. 

12.  Pulvis  Opii  Compositus.— Opium,  black  pepper,  ginger,  cara- 

way, tragacanth.    Strength  :  i  in  10. 
Dose,  2  to  10  grs. 

13.  Suppositoria  Plumbi  Composita.— Powdered  opium,  i  ;  lead 

acetate,  3  ;  oil  of  theobroma,  11.  Strength  of  opium  :  i  gr. 
in  each. 

14.  Emplastrum  Opii.— Opium  and  resin-plaster.    Strength:   i  m 

10. 

15.  Linimentum  Opii.— Equal  parts  of  tincture  of  opium  and  soap 

liniment.    Strength  :  i  in  27. 

16.  Unguentum  Gallffi  cum  Opio.— Powdered  opium  and  ointment 

of  galls.    Strength:  i  in  13  J. 

Morphine  Hydrochloridum.  Soluble  to  about  4  per  cent,  in  water 
and  2  per  cent,  in  alcohol.    Dose,  i  to  J  gr. 

Preparations 

1.  Liquor    Morphine    Hydrochloridi.— Morphine  hydrochloride, 

17^  grs.;  dilute  hydrochloric  acid,  38m.;  alcohol  (90  per 
cent )  I  'oz.  ;  water,  to  make  4  ozs.  Strength  :  i  per  cent, 
or  I  gr.  in  iio'm,  or  about  4J  grs.  of  the  hydrochloride  to  i  oz. 

2.  Suppositoria  Morphine.— Strength  :    i  in  60.     Each  contains 

J  gr.  of  morphine  hydrochloride. 

3.  Tinctura  Chloroformi    et   Morphine    Composita.  —  Strength  : 

^  gr.  in  10  m. 

Dose,  s  to  15  m. 

4.  Trochiscus  Morphine.— Morphine  Hydrochloride,        gr.  ;  with 

tolu  basis.    Strength  :  yV  g^-  ,    ,     ,  , 

5.  Trochiscus  Morphine  et  Ipecacuanhae.— Moqihme  hydrochlo- 

ride, gr- ipecacuanha,  gr.  ;  with  a  tolu  basis.  Strength  : 
^  gr.  in  each. 

Morphinae  Tartras.    Soluble  to  about  0  per  cent,  in  cold  water. 
Dose,  i  to  i  gr. 

Preparations 

1.  Injectio  Morphine  Hypodermica.— A  5  per  cent,  solution. 

Dose,  2  to  5  m.  subcutaneously. 

2.  Liquor  Morphine  Tartratis.— A  i  per  cent,  solution  m  ajcohol 

and  water. 

Dose,  10  to  69  rn, 
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Morphinae  Acetas. — Soluble  to  nearly  40  per  cent,  in  water. 
Dose,  }  to  i  gr. 

Preparation 

Liquor  Morphinae  Acetatis.— A  i  per  cent,  solution  in  water, 
containing  some  alcohol  and  a  little  acetic  acid. 
Dose,  10  to  60  m. 

Codeina. — Soluble  to  about  i  in  80  of  cold  water. 

Dose,  |-  to  2  grs. 
Codeinae  Phosphas. — Sohible  to  about  25  per  cent,  in  water. 

Dose,  ^  to  2  grs. 

Preparation 

Syrupus  Codeinse.Sirength  :  J  gr.  of  codeine  phosphate  in 
each  drachm. 

Dose,  ^  to  2  drs. 
Heroine.    (Not  official.)    Dose,       to  ^  gr. 
Dionine.    (Not  official.)    Dose,  i  to  J  gr. 

CANNABIS  INDICA 

Cannabis  indica  consists  of  the  dried  flowering  tops  of  the  female 
plant  Cannabis  sativa,  which  has  been  grown  in  India,  and  from 
which  the  resin  has  not  been  removed.  If  the  plant  is  transported 
from  India  to  temperate  climates  it  loses  its  narcotic  properties, 
although  the  resinous  substance  is  still  elaborated.  The  drug  as 
prepared  in  India  is  known  in  three  forms  :  bhang,  the  dried  leaves 
of  either  sex,  char  as,  the  resinous  exudation,  and  gdnja,  the  dried 
flowering  tops  coated  with  resin.  The  term  "  hashish  "  is  a  collective 
name,  applied  to  almost  all  preparations  of  the  plant. 

The  active  principle  is  an  oily  substance,  which  can  be  removed 
by  extracting  the  resinous  material  with  petroleum  spirit.  '  The 
extract  so  obtained  is  evaporated  to  dryness  and  subjected  to 
fractional  distillation  when  the  part  distilling  over  between  210° 
and  240°  C.  is  found  to  have  a  definite  and  constant  composition, 
and  to  have  the  characteristic  action  of  the  crude  drug.  This 
substance,  cannabinol  (Cg^HgoOJ,  is  a  pale  yellow  syrup,  and  is  re- 
markable in  that  it  contains  no  nitrogen  :  in  contact  with  the  air 
it  readily  becomes  discoloured  from  oxidation,  and  simultaneously 
lo.ses  its  toxicity.  The  crude  drug  also  contains  some  substances 
allied  to  choline  and  muscarine,  as  well  as  a  little  essential  oil. 

Hemp  resin  of  different  seasons  and  places  contains  very  different 
amounts  of  cannabinol,  so  that  the  amount  of  resin  forms  no  criterion 
as  to  the  toxicity  of  the  drug.  Some  means  of  standardising  is 
therefore  a  necessity.  This  may  be  done  (i)  by  estimating  the 
amount  of  cannabinol  in  a  given  sample,  (2)  by  experiments  on 
animals.  It  must  not  liowever  be  forgotten  that  the  resin  slowly 
deteriorates  by  contact  with  air.  When  hemp  is  administered  by 
the  mouth  it  is  probably  absorbed  in  the  small  intestine.  The 
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time  before  the  effects  of  the  drug  are  seen  is  very  variable,  but 
on  the  average  it  is  about  half  an  hour.  If  the  drug  is  smoked  the 
characteristic  symptoms  come  on  almost  immediately,  but  do  not 
last  so  long.  Hemp  has  little  or  no  action  on  the  movements  of  the 
alimentary  canal. 

Central  Nervous  System. — The  main  action  of  the  drug  is  on 
the  central  nervous  system.  It  first  gives  rise  to  excitement. 
This  is  observed  typically  in  the  dog,  which  rushes  wildly  about, 
exhibits  circus  movements  and  constantly  barks.  In  man  there  is 
a  series  of  symptoms  which  are  comparable  in  many  ways  with 
those  of  alcohol  :  the  patient  is  restless  and  noisy,  he  laughs  im- 
moderately and  out  of  proportion  to  the  cause,  and  is  less  shy  and 
freer  in  his  speech,  whilst  his  manners  no  longer  conform  to  those 
of  polite  society.  Now,  as  in  the  case  of  alcohol,  there  is  reason 
to  believe  that  this  excitement  of  the  motor  areas  and  other- lower 
centres  in  the  brain  is  not  the  result  of  direct  stimulation  of  these,  but 
is  due  to  depression  of  the  highest  and  controlUng  centres.  At  all 
events,  there  is  a  depression  of  the  highest  centres,  and  this  is  shown 
by  diminished  efficiency  in  the  performance  of  mental  work,  by 
inabiUty  to  concentrate  attention  and  by  feeble  judgment.  Like 
alcohol  the  patient,  as  a  result  of  his  feelings,  regards  the  drug  as 
a  decided  "  stimulant,"  and  his  uncontrolled  fancies  he  regards 
as  the  cerebration  of  an  exalted  brain  :  introspection  is  useless 
as  evidence  of  stimulation.  If  the  environment  is  suitable,  the 
patient  sooner  or  later  sinks  into  a  condition  of  dreamy  and  languid 
contentment,  followed  by  sleep.  Animals  in  this  stage  often  ex- 
hibit a  changed  disposition,  for  example,  cats  no  longer  show  their 
antipathy  to  dogs,  but  even  rub  up  against  them.  Hallucinations 
are  a  common  feature  of  this  intoxication.  Ideas  of  an  impos- 
sible character  flicker  across  the  mental  horizon — the  patient  is 
unable  to  control  them,  and  he  does  not  recognise  that  they  are 
ridiculous. 

Undoubtedly  the  two  most  important  illusions  are  those  of  time 
and  space.  Time  is  not  estimated  correctly,  minutes  seem  to  be  as 
hours.  We  estimate  time  by  successive  mental  impressions,  thus  a 
man  who  for  the  first  time  witnessed  an  execution  beheved  he  had 
been  in  the  jail  at  least  an  hour,  whereas  in  reahty  he  had  been 
there  only  a  few  minutes.  In  the  same  way,  the  uncontrolled  and 
fleeting  thoughts  and  impressions  during  hemp  intoxication  lead  to 
an  over-estimation  of  time.  Space  may  be  over-estimated  also, 
although  this  is  less  common.  These  illusions  are  seen  sometimes 
with  morphia  and  mescal,  but  they  are  most  characteristic  in  the 
case  of  hemp.  Moderate  inhalation  of  hemp  smoke  is  said  to  be 
refreshing  and  soothing,  and  to  reUeve  mental  fatigue  and  ex- 
haustion. During  hemp  intoxication  certain  physical  signs  are 
also  evident.  There  is  always  some  muscular  weakness,  inco- 
ordination of  movement  and  slurring  of  speech.  In  animals  there 
are  curious  rocking  movements,  which  are  due  to  inco-ordination, 
followed  later  by  pronounced  loss  of  power  or  even  paralysis  of  the 
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hind  limbs.  These  effects  are  in  contrast  with  morphine,  which  in 
moderate  doses  produces  no  effect  on  the  motor  functions.  Lilce 
morphine,  hemp  diminishes  the  perception  of  pain  and  produces 
partial  anaesthesia  of  the  skin,  so  that  animals  become  indifferent 
to  position.  .In  the  early  stages  of  intoxication  the  reflexes  may  be 
somewhat  increased,  although  later  they  are  decidedly  depressed. 

Respiration  is  influenced  but  little  by  cannabis  in  medicinal 
doses.  During  the  excitement  stage  it  is  somewhat  accelerated, 
and  during  deep  narcosis  it  is  slower  and  more  pronounced. 

Heart  and  Circulation— There  is  always  a  considerable  in- 
crease m  the  pulse-rate  when  the  drug  is  smoked ;  it  is  possible 
this  may  be  due  in  part  to  the  excitement.  When  the  drug  is 
taken  by  the  mouth  the  quickening  is  less  noticeable,  and  during 
deep  narcosis  the  heart  is  slowed  very  decidedly.  The  injection  of 
the  crude  drug  directly  into  the  circulation  produces  signs  of 
medullary  stimulation,  followed  in  larger  doses  by  marked  cardiac 
inhibition,  probably  peripheral  in  origin  :  the  latter  effect  may  be 
due  to  muscarine  or  allied  bodies  which  are  present  in  the  plant. 

Cannabis  behaves  as  a  slight  diuretic  on  account  of  the  essential 
oil  which  it  contains. 


MATERIA  MEDICA 

Cannabis  Indica. 

Preparations 

1.  Extractum  Cannabis  Indicse. — Alcoholic. 

Dose,  I-  to  I  gr. 

2.  Tinctura  Cannabis  Indicae. 

Dose,  5  to  15  m. 

HYDRASTIS 

Hydrastis  rhizome  is  obtained  from  Hydrastis  canadensis.  It 
contains  several  alkaloids  :  hydrastine,  2  to  4  per  cent. ;  berberine, 
3  to  4  per  cent. ;  and  canadine  (tetrahydro-berberine).  Hydrastine  is 
closely  related  to  narcotine,  as  is  shown  by  the  following  formula;  :— 
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It  is  decomposed  into  opianic  acid  and  hydrastinine  when  exposed 

to  oxidising  agents. 

a,a„NO,  +  up  +  0  =  C,„H,„0,  +  C„H„NO, 
Hydrastine.  Opianic  Acid.  Hydrastinine. 

Narcotine  undergoes  a  somewhat  similar  decomposition  into 
opianic  acid  and  cotarnine  : 

a>H,:,NO,  +  Hfi  +  2O,  =  C,„Hj„0,  +  C„H,,NO, 
Narcotine.  Opianic  Acid.  Cotarnine. 

Berberine  has  little  action  and  canadine  is  present  only  in  very 
small  quantities,  so  that  the  action  of  hydrastis  is  that  of  the  alka- 
loid hydrastine. 

The  pharmacology  of  hydrastis  is  unsatisfactory.  In  the  mouth, 
on  account  of  the  berberine  present,  it  has  the  action  of  the  bitters. 
Hydrastine  is  absorbed  readily  from  the  stomach  and  intestines, 
and  in  big  doses  may  produce  vomiting  and  diarrhoea,  but  it  is  not 
certain  how  these  effects  are  obtained. 

Central  Nervous  System.— The  typical  action  of  the  drug  is 
exerted  on  the  central  nervous  system,  and  closely  resembles  that 
of  thebaine  or  narcotine.  The  first  effect  is  usually  slight  depres- 
sion of  the  mental  faculties  associated  with  some  drowsiness  ;  but 
this  action  is  unlike  morphine,  in  that  the  excitability  of  the  motor 
areas  to  electrical  stimulation  is  at  the  same  time  diminished,  a 
fact  which  has  led  to  the  employment  of  the  drug  in  epilepsy. 

The  medulla  is  stimulated,  and,  in  consequence,  the  following 
effects  ensue  : — (i)  The  respiration  is  deeper  and  quicker,  the  action 
being  equally  well  seen  after  section  of  the  vagi ;  (2)  the  heart  is 
slowed,  but  only  so  long  as  the  vagi  remain  intact,  again  showing 
that  the  action  is  central  ;  (3  the  blood-pressure  rises  from  vaso- 
constriction and  this  must  be  central  also,  since  a  rise  is  not  obtained 
after  cutting  the  cord  below  the  medulla. 

The  spinal  cord  is  affected  in  much  the  same  way  as  by  thebaine. 
Reflexes  are  increased  and  there  are  irregular  twitchings  of  the 
muscles,  whilst  after  very  large  doses  typical  strychnine-like  con- 
vulsions are  produced  in  the  following  sequence  :  tonic  spasm  and 
opisthotonus,  followed  by  clonic  convulsions  and  periods  of  ex- 
haustion and  quiescence. 

Circulation. — SmaU  doses  of  hydrastine  raise  the  blood-pressure 
and  slow  the  heart,  but  the  output  is  httle  affected,  and  the  rise  in 
blood-pressure  is,  as  we  have  already  seen,  due  to  stimulation  of  the 
medulla.  Large  doses  quicken  the  heart  from  depression  of  the 
vagus  centre  or  the  nerve-cells  on  the  course  of  the  vagus.  In  the 
frog  particularly,  these  cells  can  be  easily  paralysed,  as  is  seen  from 
the  fact  that  after  using  the  drug,  stimulation  of  the  vagus  produces 
no  slowing  of  the  heart,  whilst  excitation  of  the  sinus  still  gives  a 
typical  inhibition.    Large  doses  directly  depress  the  heart-muscle. 

Nerve-endings  and  Muscle. — Hydrastine  has  no  action  on 
sensory  nerve-endings,  but,  like  thebaine,  it  paralyses  the  motor 
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nerve-endings  in  the  frog.  In  mammals  the  medulla  is  paralysed 
and  the  animal  dies  long  before  this  stage  is  reached,  but  if  the 
animal  is  kept  alive  by  artificial  respiration  the  effect  can  be  ob- 
tained. Directly  applied  to  the  striped  muscle  of  the  frog,  hydrastine 
produces  a  paralytic  effect,  but  in  man  this  depressant  action  on 
muscle  is  confined  to  the  heart. 

Hydrastine  has  been  used  to  produce  constriction  of  peripheral 
vessels  in  haemorrhage,  as  a  cholagogue,  and  to  contract  the  uterus  ; 
but  it  is  probably  useless  in  all  these  conditions.  It  is  excreted 
unchanged  in  the  urine.    Dose,  1  to  i  gr.  in  a  pill. 

Hydrastinine  is  an  artificial  alkaloid  obtained  by  oxidising 
hydrastine.  Its  effect  on  peripheral  vessels  is  much  greater 
than  that  of  hydrastine,  and,  in  consequence,  the  blood-pressure  is 
raised  to  a  greater  height.  It  is  less  depressant  to  the  heart  than 
hydrastine.    Dose,  |-  to      grs.  hypodermically. 

Canadine  produces  drowsiness,  and,  in  large  doses,  diarrhoea. 

MATERIA  MEDICA 

Hydrastis  Rhizoma. 

Preparations 

1.  Extractum  Hydrastis  Liquidum. 

Dose,  5  to  15  m. 

2.  Tinctura  Hydrastis. 

Dose,  i  to  I  dr. 

LACTUCARIUM 

Lactucarium,  the  dried  juice  of  Lactuca  virosa  (lettuce).  Dose, 
10  to  30  grs.  It  has  a  very  mild  hypnotic  action  and  is  stated  to 
contain  traces  of  atropine  and  hyoscyamine. 

LUPULUS  (LupuLiNUM) 

Hops  consist  of  the  dried  strobiles  of  Hunmlus  lupulus.  They 
contain  lupumaric  acid,  a  crystalline  bitter  principle,  together  with 
some  choline,  resin,  wax  and  tannin. 

Lupulin  consists  of  the  glands  obtained  from  the  strobiles,  and 
it  contains  about  3  per  cent,  of  volatile  oil,  together  with  various 
oxygenated  bodies,  to  which  the  oil  owes  its  peculiar  odour.  Lupu- 
maric acid,  choline  and  wax  are  also  present. 

Hops  have  i  mild  hypnotic  influence  which  can  be  observed  after 
taking  bitter  ale.  They  are  principally  employed  as  an  aromatic 
bitter  to  improve  the  appetite  and  digestion. 
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MATERIA  MEDICA 

Lupulus. 

Preparations 

1.  Infusum  Lupuli. 

Dose,  I  to  2  ozs. 

2.  Tinctura  Lupuli. 

Dose,  i  to  I  dr. 

Lupulinum. 

Dose,  2  to  5  grs. 

Anhalonium  Lewinii  {not  official) 

A  small  cactus  used  by  the  natives  of  Mexico  in  their  religious 
ceremonies.  It  contains  several  alkaloids,  and  induces  a  peculiar 
form  of  intoxication  which  is  especially  characterised  by  colour 
visions. 

The  active  constituents  of  this  and  many  other  cacti  have  a 
digitalis-like  action  on  the  heart. 


CHAPTER  IX 


LOCAL  ANESTHETICS 
COCA 

Coca-leaves  are  obtained  from  Erythroxylon  coca,  a  plant  which 
is  cultivated  in  Bolivia  and  Peru,  and  the  dried  leaves  are  imported 
into  this  country.  They  contain  a  variable  amount  of  alkaloid, 
averaging  0.5  per  cent.,  the  Bolivian  variety  containing  more  than 
the  Peruvian. 

Two-thirds  of  the  total  alkaloid  is  cocaine,  which  chemically 
is  methyl-benzoyl-ecgonine,  and  which  on  hydrolysis  will  therefore 
yield  methyl  alcohol,  benzoic  acid  and  ecgonine.  '  The  latter  body 
is  closely  related  to  ti-opine,  and  the  relationship  between  them  is 
shown  below  : — 

CH,  CH  CH,  CH,  CH  CH 


N.CH,  CHOH 


N.CH,  CH.O.COCH 


,    ™—  CH,OH 

CH,  CH  CH,  CH,  CH  CH^ 

Tropine.  Tropine.    Tropic  Acid. 

Atropine. 

If  the  acid  radicle  is  removed  the  mydriatic  action  of  atropine  is 
lost.  ^ 


CH,  CH  CH.COOH  '  CH,  CH  CH.COOCH,, 


N.CH3  CH.OH 


N.CH.,  CHOCO.C„H 


CH,  CH  CH,  CH,  CH  CH, 

Ecgonine  (not  anesthetic).  Cocaine  (local  ansesthetic). 

If  either  the  acid  radicle  or  the  CHg  group  is  removed  from  cocaine 
the  local  anaesthetic  action  goes. 

The  other  alkaloids  present  in  the  leaves  are  mainly  cinnamyl 
cocaine,  isatropyl  cocaine  and  benzoyl  ecgonine,  all  of  which  are 
much  less  active  than  cocaine.  On  hydrolysis  these  behave  simi- 
larly to  cocaine;  for  example,  with  cinnamyl  cocaine  the  result  is 
similar,  except  that  cinnamic  acid  is  formed  in  place  of  benzoic. 
Tannic  acid  is  also  present  in  small  quantities. 
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■  Action 

Local  ancBsthetic.  Dilatation  of  the  pupil.  Stimulation  of  the  cen- 
tral nervous  system,  beginning  at  the  highest  centres  and  followed  by 
depression.    General  protoplasmic  poison. 

Local  Action.— When  cocaine  is  brought  into  direct  contact 
with  fine  nerve-fibres  or  their  endings,  it  paralyses  them.  On  a 
mucous  surface  this  effect  can  be  produced  by  merely  pamtmg  it 
with  a  solution  of  the  drug.  For  example,  a  5  per  cent,  solution  of 
cocaine  hydrochlorate  applied  to  the  tip  of  the  tongue  produces 
anjEsthesia,  beginning  about  a  minute  after  the  apphcation  and 
lasting  for  about  fifteen  minutes.  All  sensations,  touch,  heat,  cold 
and  taste,  with  the  exception  of  salt  tastes,  are  paralysed.  Local 
apphcatio'n  to  the  conjunctiva  results  in  complete  anaesthesia,  and 
most  operations  on  the  eye  are  performed  now  with  the  use  of  this 
ancEsthetic  alone.  Similarly  in  the  nasal  cavities,  throat,  vagina, 
urethra  and  rectum  the  local  application  of  a  cocaine  solution 
produces  temporary  ansesthesia. 

When  appHed  to  the  human  skm  no 
effect  is  produced,  because  the  drug  is 
not  absorbed.  That  the  cutaneous 
nerve-endings  are  affected  in  the  same 
way  as  those  of  the  mucous  surfaces 
can  be  shown  in  the  frog,  an  animal 
whose  skin  absorbs  readily,  as,  if  one  leg 
is  placed  in  a  strong  solution  of  cocaine, 
the  reflexes  disappear  rapidly.  To  pro- 
duce anaesthesia  of  the  skin  in  man  the 
drug  must  be  injected  hypodermically, 
when  the  nerve-terminals,  or  more  pro- 
bably the  finer  nerve-bundles  are  ren- 
dered insensible  so  far  as  the  solution 
reaches  them.  In  the  extraction  of 
teeth  it  is  not  sufficient  merely  to  paint 
the  gum  with  cocaine,  but  the  drug 
must  be  injected,  as  it  is  only  by  this 
means  that  the  nerve  supplying  the 
tooth  can  be  reached. 

A  widespread  anaesthesia  may  be  in- 
duced by  injecting  cocaine  into  the 
Sciatic  Nerve  of  an  spinal  subdural  canal.  Complete  paia- 
Animal  to  Illustrate  \y^{^  quickly  ensues  below  the  point  of 
HOW  Cocaine  Paralyses   •  :  whWst    consciousness  remains 

Sensory  Fibres   before  mjecuuu  wiuiou 

Motor.  unimpaired  ;   for    example,  o.oi  giam 

cocaine  injected  between  the  third  and 
fourth  lumbar  vertebra;  produces  anaesthesia  from  the  lower  limbs 
up  to  the  umbilicus.  The  anjesthesia  begins  in  the  extremities 
of  the  limbs  three  or  four  minutes  after  injection,  the  loss  of  sensa- 


I  Cocaine; 


To  Leg 

Fig.  34. — Diagram  of  the 
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tion  spreads  up,  the  last  part  to  be  affected  being  the  region  of  the 
umbilicus.  In  these  cases,  patients  are  said  to  be  able  to  appre- 
ciate between  heat  and  cold  after  sensation  has  disappeared,  but 
this  also  ultimately  goes. 
Recovery  begins  at  the 
umbilicus  and  works  down- 
wards. The  motor  nerves 
are  paralysed  after  the 
sensory  and  recover  first, 
so  that  the  patient  may 
still  be  able  to  move  his 
leg  when  sensation  is  lost. 

Besides  the  local  anaes- 
thetic effect  of  cocaine,  it 
has  also  a  local  vaso-con- 
strictor  action  from  direct 
stimulation  of  vaso-motor 
nerve-endings.  After  the 
constriction  has  passed  off 
reaction  occurs  and  the 
vessels  are  dilated  more 
than  usual.  After  absorp- 
tion into  the  blood  co- 
caine exerts  no  further 
anaesthetic  action. 

Two  theories  have  been 
suggested  to  account  for 
the  action  of  cocaine  on 
sensory  nerve-endings : — 
(i)  That  it  paralyses  these  endings  much  as  curari  or  coniine 
paralyses  the  motor  nerve-endings  ;  and  (2)  that  it  is  a  general 
nerve-poison. 

Cocaine  certainly  paralyses  the  trunk  of  a  sensory  nerve  before 
the  motor.  This  can  be  shown  by  exposing  the  sciatic  nerve  of  a 
rabbit  and  applying  a  strong  solution  of  cocaine  to  the  centre  of 
the  exposed  part  (Fig.  34). 

Electrical  excitation  at  "A"  will  produce  tetanus  of  the  limb  and 
general  reflex  movements  of  the  animal.  Excitation  at  "  B  "  will  pro- 
duce tetanus,  but  no  reflex  movements.  In  other  words,  impulses 
can  still  pass  downwards  when  they  will  not  pass  upwards,  i.e.,  the 
sensory  fibres  are  paralysed  before  the  motor.  The  same  fact  is 
brought  out  by  subdural  injections  into  the  cord,  for  when  sensation 
is  quite  absent  there  is  still  some  power  of  movement.  Again,  if 
cocaine  is  applied  to  the  vagus  nerve  the  inhibitory  fibres  to  the 
heart  are  paralysed  before  the  afferent  fibres  to  the  medulla  (Fig.  35). 
Neverthekss,  this  may  be  the  result  of  some  physical  difference, 
in  the  sheath  of  Schwaan  for  example,  which  would  not  applv 
when  the  nerve-endings  were  exposed.    There  is  not  sufficient 


Fig.  35.— Rabbit.    Ether.  Respiration 
AND  Blood-pressure. 

The  left  vagus  is  severed,  i  cm.  of  the  right  vagus  has 
been  painted  with  a  0.05  per  cent,  solution  of  cocaine. 
Stimulation  above  the  painted  spot  is  first  shown,  and 
later  stimulation  below.  The  cocaine  blocks  conduction 
downwards  to  the  heart  but  not  upwards  to  the  medulla. 
Time  =  sees. 
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evidence  for  supposing  that  cocaine  has  a  specific  effect  on  sensory 
nerve-endings,  and  all  the  facts  are  explained  by  its  known  action 
as  a  general  protoplasmic  poison.  The  reason  sensory  nerve- 
endings  are  affected  so  readily  is  because  of  their  exposed  position. 

Eye. — Cocaine  when  applied  locally  to  the  conjunctiva  as  a 
2  per  cent,  solution  produces  vaso-constriction,  dilatation  of  the 
pupil  and  complete  local  anaesthesia.  The  effect  is,  therefore, 
peripheral  in  each  case. 

The  dilatation  of  the  pupil  might  be  due  to  depression  of  the 
nerve-endings  of  the  third  nerve,  but  tliis  is  not  the  case  since  stimu-, 
lation  of  this  nerve  produces  a  normal  constriction  of  the  pupil.  It 
might  be  due  also  to  stimulation  of  the  sympathetic  nerve-endings, 
and  this  is  regarded  as  the  probable  explanation,  because,  when  the 
superior  cervical  ganglion  is  extirpated  and  the  nerve-endings  allowed 
sufficient  time  to  degenerate,  the  local  application  of  cocaine  is  said 
to  produce  no  dilatation  of  the  pupil.  The  dilatation  is  not  maximal ; 
atropine  applied  to  a  cocainised  eye  produces  a  yet  wider  dilata- 
tion, wliilst  pilocarpine  will  diminish  it. 

Effect  on  the  Central  Nervous  System. — Cocaine  produces  a  general 
excitation  of  the  whole  of  the  central  nervous  system.  The  effect 
begins  in  the  highest  centres,  i.e.,  those  centres  which  are  last  to 
develop,  and  slowly  descends  to  the  lower  centres,  affecting  in 
sequence  the  motor-area,  medulla  and  cord.  This  excitation  is 
followed  by  a  depression  having  the  same  sequence,  and  hence  it  is 
possible  to  obtain  simultaneous  depression  in  one  part  of  the  central 
nervous  system  and  stimulation  in  another.  Its  action  is  closely 
related  to  that  of  caffeine ;  but  whereas  the  purine  bodies  affect 
mainly  the  "psychical  areas"  cocaine  has  apparently  a  greater 
affinity  for  lower  centres,  such  as  the  motor  area. 

Small  doses  (i  gr.)  administered  to  man  produce  exhilaration, 
loquacity  and  hilarity,  but  the  patient  remains  self-possessed, 
serene  and  wakeful.  His  judgment  and  power  of  paying  attention 
are  increased  and  his  reaction  time  is  diminished.  The  drug  is 
therefore  a  direct  nervous  stimulant.  The  leaves  are  habitually 
chewed  by  some  of  the  natives  in  South  America  to  relieve  fatigue 
and  hunger  and  to  produce  exhilaration. 

These  effects  are  associated  with  a  decided  excitation  of  the  motor 
coRtex.  There  is  a  general  tendency  to  movement  which  is  of  a 
perfectly  co-ordinated  character,  and  after  large  doses  (3  gr.)  he  may 
exhibit  tremors  and  some  inco-ordination.  A  small  injection  ad- 
ministered to  a  dog  produces  "  circus  movements,"  the  animal  con- 
tinually rushes  round  and  round  the  room  in  a  circle,  barking 
excitedly  the  while. 

This  stimulation  of  the  cortex  is  very  different  from  the  effect  of 
alcohol  :  it  will  be  remembered  that  the  latter  drug  acts  by  cutting 
off  the  controlling  centres.  With  cocaine  the  effect  is  one  of  true 
stimulation,  because  (i)  reflexes  are  increased — always  a  sign  of 
stimulation— with  alcohol  they  are  diminished  ;   (2)  the  reaction 
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lime  is  diminished— with  alcohol  it  is  increased  after  a  very  short 
stage  of  diminution  ;  (3)  the  motor  cortex  is  more  excitable  to 
electrical  stimulation— in  the  case  of  alcohol  it  is  less  excitable  ; 
(4)  there  is  a  true  stimulation  of  other  parts  of  the  brain,  such  as  the 
medulla. 

With  large  doses  convulsions  are  produced  resembling  those  of 
strychnine.  These  are  mainly  cortical  in  origin,  because  destruction 
of  the  superficial  zone  of  Rolando  abolishes  them,  although  not 
completely ;  they  are  not  entirely  obliterated  even  after  section  of 
the  medulla.  Animals  therefore  in  which  the  cerebral  hemispheres 
are  badly  developed  do  not  exhibit  convulsions ;  thus  they  are  not 
generally  obtained  in  frogs,  although  the  reflexes  are  considerably 


Fig.  36.— Dog.    A.C.E.,  and  Morphine.    Respiration  and 
Blood-pressure. 

At  A  !  gr.  cocaine  was  injected  into  tlie  jngular  vein     Note  the  stimulation  of  respira- 
tion and  the  rise  m  blood-pressure,  both  from  medullary  excitation.    Time  =  sees 

increased.  The  following  table  shows  the  relationship  between  the 
amount  of  cocaine  necessary  to  produce  convulsions  and  the  degree 
of  development  of  the  cerebral  hemispheres. 


Rabbit  . 
Guinea-pig 
Pigeon  . 
Dog  . 
Ape 


Grams  of  Brain  per 
kilo,  of  Animal. 

4 
7 


9 
18 


Dose  of  Cocaine  per  kilo, 
necessary  to  produce 
Convulsions. 

0.18 

0.07 

0.06 

0.02 

0.012 


After  toxic  doses  the  temperature  rises  on  account  of  some 
action  on  the  heat-centres.  The  pyrexia  does  not  occur  in  chloralised 
animals. 

The  medulla,  like  the  other  parts  of  the  central  nervous  system, 
is  stimulated.  This  is  .shown  by  (i)  the  effect  on  respiration 
which  is  both  quicker  and  deeper,  and  the  action  is  still  maintained 
after  section  of  the  vagi ;  (2)  vaso-constriction,  which  is  consider- 
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able— the  blood-pressure,  which  is  raised  by  the  cocaine,  falls 
immediately  if  the  splanchnics  are  cut  or  the  cord  severed,  showmg 

that  the  stimulation  is  central 

(Fig.  36). 

The  heart  is  accelerated  by 
moderate  doses  of  cocaine  and 
the  vagal  endings  are  slightly 
depressed.  Some  increase  in 
rate  occurs  even  when  the  vagi 
are  paralysed  by  atropine,  but 
it  is  stated  that  when  the  heart 
is  artificially  perfused  with  a 
solution  of  cocaine  outside  the 
body  it  becomes  slower.  The 
acceleration,  according  to  this, 
results  from  some  central 
stimulation  and  from  depres- 
sion of  the  vagal  endings.  The 
blood-pressure  rises  both  from 
(i)  vaso-constriction  and  (2) 
acceleration  of  the  heart  (Fig. 
36). 

Other  Actions.— The  peri- 
staltic movements  of  the 
stomach  and  intestines  are  in- 
creased probably  from  a  cen- 
tral effect,  because  if  the 
cocaine  is  applied  to  hving  gut 
directly,  all  movements  cease. 
It  is  believed  that  the  drug 
has  an  action  on  the  semi- 
circular canals,  since  injec- 
tions into  pigeons  produce 
peculiar  pendulum  motions  of 
the  head,  lack  of  co-ordination 
and  rolling  convulsions. 

Cocaine  is  a  general  proto- 
plasmic poison,  that  is  to  say, 
it  destroys  all  forms  of  un- 
differentiated protoplasm.  It 
stops  the  movements  of  cilia 
spermatozoa  and  white  blood- 
corpuscles.  It  paralyses  and 
ultimately  destroys  all  proto- 
plasm, but  it  has  a  special 
affinity  for  nervous  tissue. 
For  example,  if  it  is  applied  as  a  5  per  cent  solution  directly  to 
a  piece  of  living  gut,  it  paralyses  the  local  nervous  mechamsm, 
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abolishes  local  reflexes  and  the  power  of  the  gut  to  move  on  a 
bolus  before  the  muscle  is  attacked. 

The  urine  is  not  much  affected.  The  flow  varies  with  the  con- 
dition of  the  renal  vessels.  These  are  constricted  at  first  and  the 
urine  is  diminished  somewhat,  but  later  they  dilate  and  the  flow 
increases. 

With  some  people  a  cocaine  habit  may  be  formed  in  much  the 
same  way  as  with  opium,  hemp  or  alcohol.  Like  other  habits 
once  acqmred  it  is  not  easily  given  up,  the  dose  being  rapidly  in- 
creased sometimes  from  i  to  12  grs.  It  brings  on  insomnia,  dys- 
pepsia, emaciation  and  convulsions. 

The  symptoms  of  a  large  dose  of  cocaine  (10  grs.)  commence 
with  a  stage  of  excitement,  restlessness  and  confusion  The 
patient  cannot  keep  still,  but  is  continually  moving  (excitation  of 
the  motor  area).  Occasionally  there  is  vomiting  and  sometimes 
palpitation  and  fainting  attacks.  This  condition  is  followed  by  a 
second  stage  of  depression  in  which  he  likes  to  be  left  quiet  and 
alone.  The  pupils  are  dilated,  the  respiration  is  accelerated  and 
the  pulse  is  quicker,  but  never  above  no.  Reflexes  are  now  in- 
creased and  sometimes  convulsive  movements  occur.  This  may  be 
followed  by  collapse,  death  resulting  from  paralysis  of  the  respiratory 
centre. 


OTHER  LOCAL  ANESTHETICS 

Eucaine  is  a  name  given  to  two  artificial  alkaloids :  a  eucaine, 
C19H27NO4,  and  /3  eucaine,  CigHg^NOg.  a  eucaine  produces  some 
irritation  and  pain  before  the  stage  of  anaesthesia  comes  on,  and  is 
therefore,  not  much  used.  /3  eucaine  is  only  one-fifth  as  toxic  as 
cocaine,  and  its  anaesthetic  action  is  more  slowly  developed  and  not 
so  permanent.  It  does  not  constrict  vessels  nor  dilate  the  pupil 
like  cocaine. 

OH 

COOCH3 

is  an  insoluble  powder  used  for 


Orthoform 


dusting  on  raw  surfaces  and  so  producing  relief  from  pain.  Many 
of  the  ring  compounds  possess  a  Hke  action. 

Carbolic  acid,  when  applied  to  the  skin,  gives  rise  to  a  feeling 
of  burning,  but  at  the  same  time  produces  partial  anaesthesia. 

Atropine  has  a  local  anaesthetic  action  in  a  mild  degree.  To 
produce  an  effect  on  the  skin  the  drug  must  either  be  rubbed  in  or 
applied  for  a  long  time  iu  the  form  of  a  plaster. 

Aconitine  and  Veratrine,  rubbed  into  the  skin,  stimulate  the 
sensory  nerve-endings  and  give  rise  to  a  feeling  of  tingling  and 
warmth.  The  stimulation  passes  into  depression,  and  numbness  is 
the  final  effect. 
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Freezing  is  another  method  of  producing  local  anaesthesia ;  this 
is  best  brought  about  by  the  evaporation  of  anhydrous  ether  or 
ethyl  chloride.  Care  is  necessary  to  avoid  destruction  of  tissues 
and  ulceration. 

Hydrocyanic  acid  is  used  to  depress  the  sensory  nerve-endings  m 
the  stomach. 

MATERIA  MEDICA 

Cocse  Folia. 

Preparation 

Extractum  Cocse  Liquidum. 
Dose,  i  to  I  dr. 

Cocaina. 

Preparation 
Unguentum  Cocainae.— per  cent. 
Cocainae  Hydrochloridum.    Dose,  |  to  i  gr.  ' 

Preparations 

1.  Injectio  Cocainae  Hypodermica.— lo  per  cent,  contains  some 

salicylic  acid  to  preserve  the  solution. 
Dose,  2  to  5  m.  subcutaneously. 

2.  Lamellae  Cocainae.— Each  containing  cocaine  hydrochloride  Jg-  gr . 

3.  Trochiscus  Krameriae  et  Cocainae.— Each  contains  cocaine  hydro- 

chloride ^  gr. 

HYDROCYANIC  ACID 

Acidum  hydrocyanicum  dilutum  is  an  aqueous  solution  con^- 
taining  2  per  cent.  HCN,  obtained  by  distiUing  potassium  ferro- 
cyanide  with  dilute  sulphuric  acid.  The  official  solution  loses  its 
strength  through  careless  storage  either  by  volatilisation  or  by  de- 
composition, thus : — 

HCN  +  2H3O  =  H.COO  NH, 

Ammonium  Formate. 

This  transformation,  ordinarily  slow,  is  much  hastened  by  light. 

Amygdala  Amara.— Bitter  almonds,  the  ripe  seeds  of  Prunus 
amygdalus.  The  seeds  contain  amygdahn,  a  crystalline  glucoside 
which  is  decomposed  in  the  presence  of  water  by  an  enzyme 
emulsin. 

C,,H„NO„   -1-  2HP   =    2C,H,,0,   +  C„H,.CHO   +  HCN 
Amygdalin.        Water.  Dextrose.  Benzaldeliyde. 

Bitter  almonds  contain  about  40  per  cent,  of  fixed  oil,  about  0.9  per 
cent,  of  volatile  oil,  and  they  yield  also  about  0.25  per  cent,  hydro- 
cyanic acid. 

Pruni  Virginianae  Cortex  (wild  black  cherry).— The  bark  con- 
tains a  glucoside,  and  when  it  is  macerated  with  water  it  yields 
benzaldehyde,  CyH^.CHO,  and  from  0.15  to  0.2  per  cent.  HCN.  The 
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glucoside  is  evidently  allied  to  amygdalin,  and  the  change  is  brought 
about  by  a  ferment  similar  to  emulsin.  The  bark  also  contains  a 
bitter  crystalline  glucoside  and  3  or  4  per  cent,  of  tannin,  together 
with  some  resin,  starch  and  fatty  matters. 

Laurocerasi  Folia  (cherry  laurel-leaves). — The  chief  constituent 
is  "  laurocerasin,"  a  glucoside  related  to  amygdahn.  It  is  decom- 
posed in  the  presence  of  water  by  emulsin  into  benzaldehyde,  hydro- 
cyanic acid  and  glucose.  The  fresh  leaves  yield  about  o.i  per  cent. 
HCN.  ^ 

Hydrocyanic  or  prussic  acid  and  its  salts  are  very  widely  dis- 
tributed in  nature  :  they  occur  naturally,  though  in  minute  quantities, 
in  some  plants  and  animals,  and  sulphocyanide  is  a  normal  con- 
stituent of  human  sahva.  Prussic  acid  is  evolved  during  the  oxida- 
tion of  albumen. 

Action 

External. — Hydrocyanic  acid  is  a  general  protoplasmic  poison, 
and  the  activity  of  both  animal  and  vegetable  tissues  is  diminished 
in  the  presence  of  very  minute  amounts.  When  it  is  appHed  directly 
to  an  isolated  nerve -muscle  preparation  both  the  nervous  and 
muscular  tissues  rapidly  lose  their  irritability  and  are  paralysed 
synchronously,  so  that  excitation  of  the  nerve  at  any  one  moment 
produces  exactly  the  same  effect  as  exciting  the  muscle  directly. 
The  movements  of  infusoria,  spermatozoa  and  cilia  are  aU  arrested. 
It  inhibits  fermentations  and  putrefaction,  although,  curiously 
enough  some  species  of  baciUi  are  but  little  influenced  by  its  pres- 
ence, a  fact  which  we  cannot  explain  at  present. 

Hydrocyanic  acid,  when  apphed  to  a  mucous  membrane  or  to 
some  surface  from  which  it  can  be  absorbed,  paralyses  the  peripheral 
sensory  mechanism  hke  most  other  general  protoplasmic  poisons. 
For  example,  if  the  skin  of  a  frog's  leg  is  painted  with  a  3  per  cent, 
solution,  no  reflex  response  is  elicited  by  pinching  the  skin  of  this 
leg.  In  this  case  the  sensory  nerves  are  paralysed,  not  necessarily 
on  account  of  any  specific  effect  of  the  acid  upon  them,  but  because 
the  sensory  fibres  are  much  more  exposed  than  the  motor. 

Absorption. — When  hydrocyanic  acid  is  administered  internally 
in  fairly  concentrated  doses  it  produces  a  sensation  of  burning  in 
the  mouth,  and  reflex  salivation  ;  this  is  followed  by  numbness  in 
the  mouth  and  throat.  In  the  stomach  also  the  fine  sensory  nerve- 
fibrils  are  depressed,  so  that  hydrocyanic  acid  is  frequently  used  in 
the  treatment  of  dyspepsia,  both  on  account  of  its  relieving  gastric 
pain  and  for  its  antiseptic  properties. 

This  drug  is  absorbed  with  extraordinary  rapidity  :  if  a  little  of 
the  strong  acid  is  placed  upon  an  animal's  tongue  it  can  be  detected 
in  the  blood  thirty  or  forty  seconds  later.  The  inhalation  of  the 
anhydrous  acid  for  one  second  kills  a  guinea-pig,  and  accidental 
inhalations  of  the  dilute  acid  of  the  Pharmacopoeia  (2  per  cent.) 
give  rise  to  poisonous  symptoms  in  man. 
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Nervous  System. — Hydrocyanic  acid  first  excites  and  subse- 
quently depresses  the  central  nervous  system.  The  effects  of  the 
stimulant  action  are  particularly  noticeable  on  the  medulla,  and 
hence  the  vomiting,  vaso-constriction,  cardiac  slowing  and  accelera- 
tion of  the  respiration  due  to  the  effect  of  the  drug  on  the  vaso- 
motor, vagal  and  respiratory  centres  respectively.  These  effects 
are  short  in  duration  and  are  followed  by  depression. 

The  blood-pressure  rises  at  first,  on  account  of  the  vaso-con- 
striction (Fig.  38)  ;  this  constriction  is  due  to  a  direct  action  of  the 
drug  on  the  centre,  since  it  is  not  obtained  if,  previously  to  the 
administration  of  the  drug,  the  cord  is  severed  high  up.  The  blood- 
pressure  rises  in  spite  of  cardiac  slowing,  and  if  the  slowing  is  pre- 


FiG.  38. — Cat.    A.C.E.  Blood-pressure. 

At  A,  3  m.'of  dilute  HCN  were  injected  into  a  vein.     Tlaere  is  an  immediate  rise  of 
blood-pressure  and  slewing  of  the  heart-beat  due  to  stimulation  of  the  medulla.    The  subse- 
quent effect  is  due  in  a  small  degree  to  paralysis  of  the  medulla,  but  mainly  to  the  direct 
to.xic  effect  of  HCN  on  cardiac  muscle.    Time  =  sees. 


vented,  as  it  is  when  the  medullary  influences  are  cut  off  by  section 
of  the  vagi,  the  pressure  rises  even  higher.  The  rise  is  of  very  short 
duration,  and  is  quickly  succeeded  by  a  fall  due  to  vaso-dilatation, 
which  is  the  direct  outcome  of  medullary  depression.  The  stimulant 
effect  on  the  medulla  is  best  indicated  by  the  respiration,  which 
becomes  quicker  and  very  much  deeper  ;  but  in  spite  of  this  the  ab- 
sorption of  oxygen  and  the  elimination  of  carbonic  acid  is  actually 
diminished  (Fig.  39).  Depression  follows  the  stimulation  and  the 
breathing  becomes  slower  and  shallower  :  death  ensues  from 
asphyxia. 

Very  large  doses  of  hydrocyanic  acid  directly  depress  the  heart, 
as  can  be  seen  by  perfusing  very  dilute  solutions  of  the  drug  through 
an  isolated  mammaUan  heart.  After  lethal  doses,  not  only  is 
the  central  nervous  system  paralysed  but  the  automatic  power  of 
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contraction  of  the  heart  is  also  destroyed,  so  that  in  these  cases 
artificial  respiration  does  not  prolong  life. 

Metabolism. — Hydrocyanic  acid  is  rapidly  destroyed  by  living 
matter,  but,  whilst  it  is  in  the  circulation  it  profoundly  affects 
metabolism,  so  that  the  tissues  gradually  lose  their  power  of  absorb- 
ing oxygen  from  the  blood  :  deficiency  of  oxidation  must  ensue  in 
consequence,  and  here,  as  in  all  such  conditions,  the  blood  is  found 
to  contain  various  abnormal  substances,  and  not  uncommonly  an 
excess  of  sugar  and  lactic  acid. 

It  was  formerly  believed  that  hydrocyanic  acid  produced  its  effect 
by  fixing  the  oxygen  more  firmly  to  the  haemoglobin,  so  that  oxida- 
tion of  the  tissues  became  impossible.  Hydrocyanic  acid  has, 
however,  httle  or  no  effect  on  the  blood  when  it  is  administered  in 
non-lethal  doses  ;  and  if  a  little  blood  is  drawn  off  from  an  animal 
which  has  had  a  large  but  non-lethal  dose  of  the  drug,  the  oxygen 
can  be  pumped  off  from  it  as  readily  as  from  normal  blood.  The 
bright-red  colour  of  the  blood,  which  is  characteristic  of  animals  that 
have  died  from  poisoning  by  hydrocyanic  acid,  is  due  to  the  tissues 
which  do  not  reduce  the  oxyhasmoglobin. 

Nevertheless,  if  hydrocyanic  acid  is  added  to  drawn  blood  a 
change  is  produced.  This  may  be  shown,  in  the  first  place,  by 
adding  to  a  little  drawn  blood  containing  hydrocyanic  acid  some 
hydrogen  peroxide  when  there  is  no  effervescence,  whilst  with  normal 
blood  a  copious  effervescence  of  oxygen  is  immediately  observed. 
The  hydrocyanic  acid  enters  into  chemical  combination  with  the 
h£ematin,  and  forms  a  compound  having  a  bright  red  colour  :  this 
body,  cyanheematin,  sometimes  also  termed  cyanmethsemoglobhi, 
although  globuHn  does  not  enter  into  its  composition,  is  easily 
formed  by  adding  a  little  HCN  to  an  alkaline  solution  of  haematin, 
or  to  a  solution  of  methccmoglobin.  The  reaction  forms  a  sensitive 
test  for  the  presence  of  HCN,  and  maybe  performed  as  follows  :— A 
little  methsmoglobin  is  prepared  by  adding  some  amyl  nitrite  or 
potassium  chlorate  to  blood  ;  this  is  sucked  up  by  bibulous  paper 
which  is  then  allowed  to  dry.  The  presence  of  a  trace  of  HCN  on 
the  bibulous  paper  is  marked  by  a  change  of  colour  from  dark  brown 
to  bright  red.  Cyanhaematin  has  an  absorption  spectrum  between 
the  D  and  the  F  lines  very  similar  to  the  spectrum  of  reduced  haemo- 
globin. 

Hydrocyanic  acid  is  partially  destroyed  in  the  tissues  and  is 
partly  changed  to  sulphocyanides,  which  are  excreted  in  the  urine. 

Symptoms.— The  symptoms  arising  after  a  large  dose,  half  an 
ounce,  are  of  very  short  duration.  Almost  immediately  the  respira- 
tion becomes  spasmodic,  there  is  a  gasping  scream,  a  few  convulsive 
movements  and  then  unconsciousness.  Death  results  from  paralysis 
of  the  central  nervous  system,  but  artificial  respiration  is  of  no  use 
for  prolonging  life  since  the  poison  also  kills  the  heart.  Post- 
mortem, the  blood  is  a  bright  red  colour.  When  smaller  doses  have 
been  given  there  is  often  a  feeling  of  numbness  in  the  mouth  and 
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throat,  soon  followed  by  headache,  vomiting,  and  confusion  of 
thought.  The  breathing  is  deep  and  gasping  in  character,  and 
the  patient  complains  of  great  muscular  weakness  ;  unconsciousness 
supervenes,  and  usually  a  few  convulsive  movements  precede  death, 
which  is  produced  as  before  by  paralysis  of  the  nerve -centres. 

It  is  difficult  in  these  cases  of  poisoning  to  know  what  remedial 
measures  to  adopt.  The  drug  is  so  rapidly  absorbed  that  chemical 
antagonists  are  too  late.  Medullary  stimulants  such  as  strychnine 
are  generally  employed,  and  in  late  years  sodium  hyposulphite  has 
given  some  promising  results.  Sodium  hyposulphite  acts  by  forming 
the  non-poisonous  sulphocyanide  and  is  effective  after  absorption. 
From  2  to  4  drachms  dissolved  in  water  should  be  administered  as 
a  hypodermic  injection. 

MATERIA  MEDICA 
Acidum  Hydrocyanicum  Dilutum. — 2  per  cent.    Dose,  2  to  6  m. 

Preparation 

Tinctura  Chloroformi  et  Morphinae  Composita. — J  m.  of  acidum 
hydrocyanicum  dilutum  in  10  m. 
Dose,  5  to  15  m. 

Pruni  Virginian  ae  Cortex. 

Preparations 

1.  Syrupus  Pruni  Virginianae. 

Dose,  i  to  I  dr. 

2.  Tinctura  Pruni  Virginianae. 

Dose,     to  I  dr. 

Laurocerasi  Folia. 

Preparation 

Aqua  Laurocerasi.    Standardised  too.i  percent,  of  hydrocyanic 
acid. 

Dose,  ^  to  2  drs. 
Hydrocyanic  acid  is  also  present  in  bitter  almonds. 


CHAPTER  X 


GROUP  OF  DIURETICS 
The  Purine  Derivatives,  Scoparium,  Uva  Ursi 

Diuretics  are  medicines  used  to  increase  the  flow  of  urine.  Some 
of  them  only  act  in  diseased  conditions  ;  digitalis,  for  example,  is 
diuretic  only  when  there  is  venous  congestion  of  the  kidneys.  It 
acts  by  removing  this  state  of  affairs,  and  so  allows  arterial  blood  to 
pass  once  more  through  the  renal  vessels,  and  hence  the  increased 
flow  of  urine. 

Cold  acts  as  an  excellent  diuretic  by  checking  the  secretion  of  the 
skin.  Water  increases  the  flow  of  urine  without  sensibly  affecting 
the  elimination  of  urea  and  uric  acid  though  the  chlorides  seem  to 
to  be  increased. 

The  diuretics  can  be  classified  as  follows  : — 

(1)  Salines. 

(2)  Drugs  which  dilate  the  renal  vessels  without  materially 
lowering  the  blood-pressure  :  caffeine  and  its  allies  ;  urea  ; 
essential  oils  ;  scoparium. 

(3)  The  digitalis  group,  which  is  only  diuretic  in  certam 
pathological  conditions,  and  does  not  increase  the  urine  of  the 
normal  man. 


THE  PURINE  DERIVATIVES 
E.  Fischer  applied  the  term  purine  to  a  nucleus  that  he  prepared, 

(6) 

(1)  N  CH 

I  1  H(7) 

(2)  CH   (5)C  N. 

I  li  >CH  (8) 

(3)  N  C  N'' 

(4)  (9) 
Purine. 

and  from  which  derivatives  can  be  produced  by  direct  addition  or 
substitution  of  atoms  or  radicles.  The  names  and  formulre  of  the 
most  important  members  of  the  group  employed  in  medicine  are  as 
follows  : — 
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I.  3.  Dimethylxan  thine 
Theophylhne  (Theocin). 
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I.  3.  7.  Trimethylxanthine 
Caffeine. 

The  purine  derivatives  occur  in  the  animal  body,  combined  with 
albumen  in  the  form  of  nucleic  acid,  and  during  normal  metabohsm 
a  small  amount  is  set  free  and  constitutes  the  "endogenous" 
purines  of  the  excreta  as  opposed  to  the  exogenous  which  occur  in 
all  flesh,  and  meat  extracts. 

Caffeine  is  an  alkaloid  obtained  most  readily  from  tea,  which 
contains  anything  from  2.5  to  4.5  per  cent.  Many  other  plants 
which  are  employed  in  all  regions  of  the  globe  as  decoctions  or  in- 
fusions for  drinking  purposes,  have  been  found  on  analysis  to  contain 
caffeine  or  one  of  the  aUied  alkaloids.  Thus  we  have  coffee  from 
Arabia  containing  caffeine,  cocoa  from  South  America  contain- 
ing theobromine,  kola  from  Central  Africa  containing  both  caffeine 
and  theobromine,  and  several  others. 


Action 

Caffeine  exerts  three  important  actions  when  taken  into  the  animal 
body  : — 

(1)  It  excites  the  central  nervous  system. 

(2)  It  has  an  action  on    all   muscle-fibre — stri-ped,  plain  and 
cardiac. 

(3)  It  is  a  diuretic. 

»The  drug  is  absorbed  very  easily,  and  exerts  little  or  no  action  on 
the  alimentary  canal. 

Central  Nervous  System.— The  action  of  small  doses  of  caffeine 
IS  mainly  on  that  part  of  the  brain  connected  with  psychical  func- 
tions, and  it  seems  to  act  here  in  much  the  same  way  as  strychnine 
acts  on  the  cord.  It  facilitates  the  perception  of  sensory  stimuli  as 
well  as  the  association  of  ideas,  and  if  we  regard  our  object  conscious- 
ness as  the  sum  total  of  impulses  perceived  at  any  one  moment,  then 
consciousness  is  increased.  All  our  sensory  impressions  normally 
are  connected  with  others,  and  habits  of  association  are  formed  • 
caffeine  strengthens  these  bonds  and  the  a.ssociation  of  ideas  i.s 
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brought  about  more  readily.    These  effects  will  induce  a  condition 
of  wakefulness  ;   and  drowsiness  or  fatigue  if  present— conditions 
resulting  from  a  diminished  consciousness— will  disappear.  Mental 
activity  is  increased,  the  interpretation  of  aU  sensory  impressions 
is  more  perfect  and  correct,  and  thought  is  clearer  and  quicker  than 
in  the  normal  state.    Caffeine  decidedly  facilitates  the  performance 
of  all  forms  of  physical  work.    Experiments  have  been  made  on 
soldiers,  who  were  required  to  march  a  certain  distance  carrying  all 
their  kit.    Some  marched  with  the  assistance  of  cocoa,  some  with 
beef-tea  and  others  again  with  alcohol.     The  results  of  such  ex- 
periments show  conclusively  that  the  "  cocoa"  men  performed  the 
work  with  least  fatigue,  whilst  those  marching  on  alcohol  came  m  a 
bad  third.    It  is  by  no  means  certain  that  the  whole  of  this  effect  is 
nervous  :  it  has  also  been  explained  by  the  action  of  caffeine  peri- 
pherally on -muscle,  and  wiU  be  referred  to  again.    But  as  fatigue 
shows  itself  first  on  the  centre,  it  is  probable  that  the  action  of 
caffeine  in  diminishing  fatigue  is  mainly  central. 

Larger  doses  of  caffeine  give  rise  to  some  confusion  of  thought, 
associated  with  subjective  affections  of  the  sense  organs,  such  as 
flashes  of  Hght  before  the  eyes  and  singing  in  the  ears.  The  patient, 
whose  reflexes  are  always  increased  at  this  stage,  becomes  very  ex- 
citable and  restless  ;  he  is  tremulous  in  his  actions,  and  often  de- 
velops spasmodic  movements  of  the  Hmbs  :  the  condition  may  ter- 
minate in  tonic  convulsions.  The  increased  movement  is  responsible 
for  a  small  rise  of  temperature. 

Caffeine  is,  therefore,  a  true  cerebral  excitant ;  its  action  begins 
upon  the  psychical  areas,  and  with  smaU  doses  this  is  the  only  part 
of  the  cerebrum  appreciably  affected.  Next  the  motor  area  is 
stimulated  and  restlessness  ensues  ;  and,  lastly,  the  cord  is  affected  as 
shown  by  the  convulsions. 

The  convulsions  are  spinal  in  origin  ;  this  may  be  readily  shown 
in  the  frog,  for  they  are  aboHshed  as  the  cord  is  destroyed  from  before 
backwards  ;  indeed,  this  animal  shows  no  symptoms  which  cannot 
be  ascribed  to  an  action  on  the  spinal  cord.  In  this  connection  it 
must  be  remembered  how  little  the  frog's  brain  is  differentiated,  and 
also  that  as  the  cerebral  hemispheres  become  more  and  more 
complex  in  the  scale  of  evolution,  so  the  action  of  caffeine  re- 
sembles more  and  more  that  seen  in  man,  and  less  and  less  does  it 
augment  the  spinal  reflex  excitabililty.  Caffeine  has  a  selective 
action  on  the  higher  centres  of  the  cerebrum;  the  greater  the  de- 
velopment of  this  organ  in  an'animal  the  smaller  becomes  the  dose  of 
caffeine  relatively  necessary  to  produce  an  effect. 

Before  leaving  the  action  of  caffeine  on  the  central  nervous  system 
its  effect  on  the  medulla  must  be  considered  briefly.  Even  smal 
doses  of  caffeine  excite  the  medulla,  and  so  there  is  general 
vaso-constriction  and  decided  stimulation  of  respiration.  The 
cardio-inhibitory  centre,  no  doubt,  is  also  stimulated,  but  this 
effect  is  of  no  significance,  since  the  perii^heral  action  of  caffeine 
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on  the  cardiac  muscle  completely  overshadows  this  medullary 
action. 

Muscular  Tissue. — Caffeine  has  a  specific  action  on  all  forms  of 
muscle-tissue,  striped,  plain  and  car- 
diac. It  is  convenient  at  first  to 
observe  the  action  on  the  striped 
muscle  of  the  frog.  If  a  small  injection 
of  caffeine  is  made  into  the  lymph  sac 
of  a  frog  which  has  the  vessels  of  one 
hind  leg  ligatured,  and  if  after  an 
appropriate  interval  the  two  gastroc- 
nemii  are  compared,  the  one  to  which 
the  caffeine  has  obtained  access  will  be 
affected  in  such  a  way  that  with  a  suc- 
cessive series  of  stimuli  it  is  capable  of 
performing  more  work  than  its  fellow. 
By  work  here,  is  meant  the  total  height 
to  which  the  muscle,  provided  with  a 
suitable  stimulus,  can  raise  a  given 
weight.  The  muscle  is  directly  stimu- 
lated and  it  will  contract  to  weaker 
stimuli,  or  against  a  greater  load  to  the 
same  height  as  its  fellow.  Similar 
effects  have  been  induced  in  mammals, 
and  as  the  result  of  experiments  in 
man,  the  work  obtained  from  electrical 
excitation  of  a  living  muscle  is  found 
to  be  increased  by  the  administration 
of  caffeine. 

Larger  doses  of  caffeine  produce  a 
profound  change  in  the  muscle- proto- 
plasm. This  change  is  shown  by  the 
muscle  becoming  contracted,  hard, 
opaque  and  acid,  and  passing  into  a 
condition  of  rigor.  If  a  little  muscle- 
juice  is  allowed  to  pass  over  a  glass 
plate  and  meet  a  solution  of  caffeine 
the  coagulation  can  be  observed  under 
the  microscope,  and  the  myosinogen  is 
apparently  converted  into  myosin  :  it 
is  obviously  a  true  rigor,  since  the 
ferment  inducing  the  -post-mortem 
change  is  increased  by  caffeine.  Ex- 
citation of  a  frog's  muscle  after  such 
big  doses  shows  a  gradually  increasing 
amount  of  contracture  (Fig.  40). 
Similar  changes  can  be  produced  in  mammalia,  though  only  with 
difficulty. 
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Therefore,  the  problem  as  to  how  caffeine  diminishes  fatigue  and 
increases  the  amount  of  work  men  are  capable  of  performing, 
becomes  complex.  There  can  be  little  doubt  that  both  the  central 
and  peripheral  effects  exert  some  beneficial  influence,  but  it  is 
probable  that  the  central  action  is  the  more  important ;  and  this 
for  two  reasons :  first,  because  we  know  that  fatigue  is  principally 
central  in  origin,  and  so  it  could  hardly  be  influenced  by  a  drug 
which  acts  on  muscle ;  and  secondly,  because  other  drugs  which 
directly  excite  the  cerebrum  and  psychical  centres,  such,  for  example, 
as  cocaine,  have  a  similar  effect  in  diminishing  fatigue.  But  there 
are  no  drugs  that  do  this  to  the  same  extent  as  caffeine. 

Caffeine  has  also  some  action  on  flain  muscle.  This  effect  has 
been  properly  investigated  only  for  the  plain  muscle  of  the  blood- 
vessels. If  a  dilute  solution  of  caffeine  is  perfused  through  an}^ 
blood-vessels  in  the  body  they  invariably  dilate  to  a  very  decided 
degree,  and  the  outflow  of  the  perfusing  fluid  is  increased.  This 
action  of  caffeine  must  be  one  on  the  muscles  and  not  on  the 
nerve-endings,  because  the  pulmonary  vessels  which  contain  no 
nerve-fibres  dilate  to  an  equal  extent  with  the  systemic  vessels. 

On  Cardiac  Muscle  and  on  the  Circulation. — The  most 
characteristic  feature  of  the  action  of  caffeine  on  the  heart  is  the 
acceleration  of  the  rhythm,  and  it  is  brought  about  by  a  diminished 
pause  in  diastole.  It  is  independent  of  the  inhibitoiy  apparatus 
of  the  heart,  for  it  occurs  when  the  vagal  terminals  have  been 
paralysed  by  atropine  ;  and  as  the  acceleration  is  still  produced  in 
the  isolated  heart,  it  must  be  ascribed  to  an  effect  either  on  heart- 
muscle  or  to  stimulation  of  the  terminations  of  the  accelerator  nerves. 

If  the  acceleration  is  due  to  stimulation  of  the  nerve-terminations 
there  should  also  be,  in  all  probability,  a  great  augmentation  in  the 
force  of  the  beat ;  but  this  is  not  the  case  :  moreover,  it  is  possible 
to  paralyse  completely  these  nerve-terminals  by  means  of  apocodeine 
— a  drug  which  has  been  referred  to  already  under  opium — and  after 
such  paralysis  caffeine  still  produces  acceleration.  The  increased 
rate  of  beat  must  be  attributed,  therefore,  to  an  action  on  the 
muscular  apparatus  which  gives  the  rhythm  to  the  lower  parts  of 
the  heart,  and  which  we  may  term  the  excito-motor  apparatus. 
The  force  of  contraction  is  slightly  increased  after  moderate  doses 
of  caffeine.  It  is  quite  a  small  effect,  and  is,  no  doubt,  due  to  the 
extension  of  the  action  to  the  ordinary  musculature  of  the  heart 
(Fig.  41).  The  total  effect  of  therapeutic  doses  of  this  drug  is  to 
increase  the  rate  of  the  heart  and,  to  a  small  extent,  the  force  of 
contraction,  so  increasing  the  output  of  blood  per  minute. 

Larger  doses  of  caffeine  produce  a  shortening  of  the  movements 
commencing  in  the  auricle  and  spreading  to  the  ventricle.  Tliis, 
no  doubt,  is  due  partly  to  the  cardiac  acceleration,  and  may  be 
considered  a  secondary  effect  of  the  increased  irritability  of  the 
excito-motor  area,  but  it  is  due  also  to  the  extension  of  action  of 
the  drug  to  the  ordinary  muscle  of  the  auricle  and  ventricle. 
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finally  of  the  ventricle  :  it  is  the  result  of  ventricular  irritability 
being  so  greatly  increased  as  to  give  rise  to  an  idioventricular  rhythm, 
the  latter  being  characteristic  of  the  stimulant  action  on  cardiac 
muscle  Thus  the  action  of  caffeine  consists  of  a  descending  stimu- 
lation which  begins  in  the  excito-motor  area  at  the  junction  of  the 
auricle  and  great  veins,  and  extends  into  the  auricles  and  finally 

to  the  ventricles.  i^    ,    x  „ 

The  action  of  caffeine  on  the  blood-pressure  is  the  resultant  of  all 
these  various  effects.  The  increased  output  from  the  heart  and 
the  stimulation  of  the  vaso-motor  centre  will  tend  to  raise  the  blood- 
pressure  whilst  the  peripheral  action  on  the  vessels  tends  towards 
dilatation  and,  therefore,  to  a  fall  of  pressure.  The  imtial  effect  of 
caffeine  is  invariably  to  raise  blood-pressure,  both  as  the  result  of 
vaso-constriction  which  at  first  overshadows  the  peripheral  ten- 
dency of  the  vessels,  and  the  increased  cardiac  output.  After  a 
varying  period,  generally  about  twenty  minutes  when  the  drug  is 
administered  by  the  mouth,  the  peripheral  effect  of  the  drug  comes 
into  play  and  the  vessels  dilate.  The  blood-pressure  will  then  fall  a 
little  but  never  to  any  great  extent,  and  with  medicinal  doses, 
probably  not  much  if  at  all  below  normal,  the  augmented  output 
from  the  heart  being  sufiicient  to  counterbalance  the  dilatation. 

Kidney  —Caffeine  and  its  allies  form  a  very  important  group  of 
diuretics  They  aU  decidedly  increase  the  secretion  of  the  water  of 
the  urine.  The  urine  is  generaUy  of  a  lower  specific  gravity  than 
normal,  since  it  contains  per  cu.  cm.  less  salt  and  urea  ;  but  the 
total  excretion  of  solids,  both  as  regards  nitrogenous  elements  urea 
and  uric  acid,  and  salts,  is  increased.  As  a  consequence  of  this  big 
flow,  the  urine  becomes  less  concentrated  and  its  specific  gravity 
faUs';  usually  the  effect  is  temporary.  .  ^ 

Two  hypotheses  have  been  suggested  to  account  for  the  diuresis. 
The  one  regards  the  effect  as  entirely  due  to  alterations  m  the 
vascular  conditions  of  the  kidney,  and  the  other  supposes  a  specific 
effect  of  these  purine  bodies  on  the  renal  epithehum. 

If  an  injection  of  caffeine  be  made  under  the  skm  of  an  ammal 
in  which  the  blood-pressure,  the  kidney  volume  and  the  flow  of 
urine  are  being  recorded,  a  very  definite  result  is  obtained.  At 
first  the  blood-pressure  rises  both  from  the  augmented  cardiac 
output  and  the  vaso-constriction  originating  m  the  centre  ;  the 
renal  vessels  gradually  constrict,  and  hence  the  kidney  volume 
diminishes  and  the  secretion  of  urine  during  this  stage  invariably 
runs  parallel  to  the  kidney  volume,  so  that  the  flow  rapidly  becomes 
less.  In  from  ten  minutes  to  half  an  hour  the  picture  gradually 
changes.  The  blood-pressure  falls  a  httle,  although  the  height  is 
still  slightly  above  normal,  the  renal  vessels  begin  to  expand  and 
having  assumed  a  condition  of  very  considerable  dilatation  re- 
main in  that  state  for  a  time  varying  from  one  to  three  hours ; 
and  lastly,  the  urine  begins  to  flow  more  freely,  and  reaches  its 
maximum  when  the  dilatation  of  the  kidney  is  greatest;  the 


DIURESIS 


i6i 


parallelism  between  the  renal  vessels  and  the  flow  of  urine  is  gener- 
ally constant,  but  not  always. 

This  picture  is  true  in  man  when  a  dose  of  caffeine  is  taken  by 
the  mouth,  except  that  the  effect  is  not  so  suddenly  produced  and 
lasts  longer. 

The  initial  constriction  of  renal  vessels  is  produced  by  central 
stimulation.  It  does  not  occur  if  the  nerves  to  the  kidney  are  all 
severed,  in  which  case  vaso-dilatation  is  present  throughout,  and 
is  associated  with  an  increased  flow  of  urine.  In  order  to  eliminate 
this  initial  vaso-constriction  and  so  increase  the  diuretic  power  of 
caffeine,  it  has  been  suggested  that  it  might  be  given  along  with 
another  drug,  such  as  chloral,  which  depresses  the  centre.  Such  a 
mixture  will  increase  the  flow  of  urine  immediately,  but  it  is  open  to 
obvious  objections.  A  similar  effect  may  be  produced  by  other  purine 
derivatives,  such  as  theobromine  which,  though  acting  Hke  caffeine 
on  the  kidney,  has  Httle  or  no  exciting  action  on  the  vaso-motor 
centre. 

We  have  now  to  decide  whether  the  vaso-dilatation  is  the  cause 
or  the  effect  of  the  augmented  secretion  of  urine.  Those  who  assert 
that  caffeine  has  a  specific  action  on  renal  epithelium  generally 
regard  the  vaso-dilatation  as  the  result  of  renal  activity.  This 
we  have  already  shown  is  not  the  case  :  the  vaso-dilatation  is  the 
result  of  the  effect  of  caffeine  on  the  muscle-substance  of  the  arterioles, 
and  it  is  produced  in  every  organ  of  the  body  without  exception. 
Whenever  there  is  an  increased  flow  of  urine  from  caffeine  we  in- 
variably find  that  there  is  some  corresponding  vascular  effect ;  the 
mere  presence  of  caffeine  in  the  circulation  ensures  this.  We  have 
seen  already  that  the  central  action  of  caffeine  tends  to  constrict 
vessels,  and  the  peripheral  action  to  dilate  them.  So  that  those 
vessels  which  are  innervated  best  will  perhaps  remain  constricted 
whilst  the  others  are  dilated.  Let  us  take  one  example  to  show  the 
difficulties  that  the  renal  circulation  presents.  Supposing  the 
efferent  vessels  from  the  glomeruli  are  well  innervated,  then  they 
become  constricted,  the  kidney  volume  dilates,  but  the  amount  of 
blood  passing  through  the  renal  vessels  per  minute  does  not  increase 
and  may  diminish. 

According  to  the  vascular  hypothesis,  the  flow  of  urine  depends 
both  on  the  degree  of  dilatation  of  the  renal  vessels  and  the  amount 
of  blood  passing  through  them  per  minute.  Blood-pressure  is, 
therefore,  a  factor  which  cannot  be  neglected.  A  high  blood-pressure 
is  of  little  diuretic  value  if  the  renal  vessels  are  constricted,  and 
similarly  a  low  blood-pressure  with  a  great  dilatation  of  the  renal 
vessels  will  have  little  effect  on  the  urine.  Caffeine  dilates  the 
vessels,  and  yet  the  blood-pre.ssure  does  not  fall.  In  further  support 
of  this  hypothesis  it  may  be  pointed  out  that  the  various  purine 
derivatives  are  diuretic  just  in  proportion  as  they  dilate  vessels. 

In  support  of  the  vital  theory,  Barcroft  and  Brodie  have  noted 
(i)  that  diuresis  can  be  produced  by  ur^a,  sodii^rn  .sulphate  and 
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phloridzin,  without  increasing  the  rate  of  blood-flow  ;  (2)  that  in- 
jections of  urea  and  sodium  sulphate  may  produce  a  urine  of  lower 
concentration  than  that  of  the  serum  ;  (3)  that  diuresis  goes  hand 
in  hand  with  an  increased  absorption  of  oxygen  by  the  kidney, 
which  they  regard  as  evidence  of  increased  activity  of  the  renal 
cells.  The  increased  oxygen  absorption  is  independent  of  the 
blood-flow  and  of  the  concentration  of  the  urine. 

Although  vascular  effects  undoubtedly  play  a  great  part  in 
diuresis  it  is  difficult  to  understand,  in  view  of  the  increased  ab- 
sorption of  oxygen,  how  they  can  be  the  only  factors  concerned. 
The  question  of  diuretic  action  receives  further  consideration  under 
the  heading,  "  Salt-action." 

Respiration  and  Metabolism. — Caffeine  is  a  very  decided  stimu- 
lant to  the  respiratory  centre  ;  both  the  number  and  the  depth  of 
the  respirations  are  increased.  In  correlation  with  this  fact,  we 
find  that  the  absorption  of  oxygen  and  the  excretion  of  carbonic 
acid  are  also  augmented.  MetaboHsm  is  more  active,  though  not 
to  any  marked  degi-ee,  for  the  excretion  of  urea  and  salts  in  the 
urine  is  not  much  influenced. 

Excretion. — A  considerable  portion  of  the  caffeine  administered 
is  excreted  in  the  urine  as  xanthine,  dimethyl  xanthine  and  allied 
substances  :  a  small  portion  is  further  oxidised  to  urea.  A  small 
amount  is  excreted  unchanged. 

Differences  in  Action  between  the  Different  Members. — All 
the  purine  bodies  exert  two  marked  actions : — 

(1)  They  increase  the  sensibihty  of  the  central  nervous 
system  to  external  stimuli ;  as  the  dose  is  increased  this  develops 
into  tetanus,  and  may  ultimately  end  in  paralysis. 

(2)  They  act  on  the  muscles,  first  faciUtating  the  contraction 
of  these  but  producing  rigor  when  the  dose  is  large. 

The  relative  degree  of  these  two  actions  varies  in  the  different 
members.  The  action  .of  theobromine  on  the  muscles  is  greater  in 
proportion  to  caffeine,  than  that  on  the  central  nervous  system  ; 
and  parallel  with  the  effect  on  the  muscles  is  the  diuretic  action, 
the  two  effects  always  increasing  and  diminishing  together. 

The  nervous  action  is  said  to  depend  upon  the  presence  of  nitrogen 
in  the  molecule,  and  is  a  characteristic  action  of  ammonia  and 
its  salts,  whilst  the  muscular  action  is  peculiar  to  the  purine  ring. 
Purine  exhibits  both  actions.  The  introduction  of  oxygen,  or 
alkyl  groups  alters  the  degree  of  the  two  effects,  both  at)solutely  and 
relatively,  in  an  extremely  irregular  fashion.  Possibly  these 
irregularities  are  due  to  the  differences  in  solubility  and  the  rate  at 
which  the  drugs  penetrate  to  the  muscle-fibres  and  nerve-cells,  and 
it  is  probable  that  for  some  such  reason  7  oxy-])urine  produces 
no  muscular  rigor  and  2  oxy-purine  no  tetanus,  whereas  with  the 
I  :  6  dimethyl  derivative  of  the  first  and  i  :  3  dimethyl  deriva- 
ative  of  the  second  the  missing  action  is  manifested  :  the  first  two 
.substances   are  insoluble  in  water  and  only  slightly  soluble  in 
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aqueous  sodium  carbonate,  whereas  the  second  two  dissolve  readily 
in  water. 

SCOPARIUM 

Scoparii  Cacumina  (broom  tops)  are  obtained  from  Cyiisus 
scopanus.    Their  chief  constituent  is  the  liquid  volatile  alkaloid 
sparteine  (C,,H,yN,),  an  indifferent  substance  scoparin,  a  volatile 
oil,  tannin  and  sugar. 

Scoparium  has  a  sUght  diuretic  effect  which  is  not  due  to  spar- 
teine, an  alkaloid  the  action  of  which  is  considered  elsewhere 
The  effect  on  the  kidney  is  probably  brought  about  by  the  scoparin 
and  essential  oil.    It  is  customary  when  a  diuretic  effect  is  required 
to  give  the  drug  in  the  form  of  an  infusion,  as  the  active  principles 
have  not  proved  of  much  value. 

BUCHU 

Buchu  leaves  are  obtained  from  Barosma  belulina.  They  should 
yield  from  i  to  2  per  cent,  of  volatile  oil,  containing  about  30  per 
cent  of  crystalline  diosphenol,  C,,K^p.,.  The  oil  also  contains 
inenthone,  a  hydrocarbon  resin. 

Buchu  has  the  ordinary  properties  of  the  volatile  oils,  and,  like 
them,  during  its  excretion  by  the  kidneys  induces  local  dilatation 
with  corresponding  diuresis. 


UV^  URSI  FOLIA 

Bearberry  leaves  are  obtained  from  Arctostaphylus  uva-ursi 
Ihey  contain  crystalhna  glucosides  arbutin  and  methyl-arbutin  a 
small  quantity  of  some  other  glucosides,  a  crystalline  resinous  body 
unsone,  gallic  acid,  q.uercitin,  and  6  or  7  per  cent,  of  tannin. 

When  given  by  the  mouth  arbutin  is  partly  decomposed,  and 

OH 

one  of   the  products  of  its  hydrolysis  is  hydroquinone, 


OH 

^h^  V^^^  °^        arbutin  is  absorbed  and  excreted  unchanged  by 


the  kidneys. 


It  is  decidedly  diuretic  in  its  action,  this  being,  no  doubt  the 
result  of  the  excretion  of  the  drug  by  the  kidney  ;  it  is  employed  also 
as  a  mild  antiseptic  and  stimulant  to  the  genito-urinary  tract 

The  administration  of  arbutin  produces  a  greenish-brown  urine 
which  darkens  on  standing;   this  is  due  to  the  hydroquinone' 
which  quickly  undergoes  further  oxidation  like  other  members  of 
the  benzene  series. 

Uva  ursi  is  astringent  on  account  of  the  tannin  it  contains  : 
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large  doses  produce  gastro-intestinal  symptoms,  but  death  from 
the  drug  is  unknown. 

MATERIA  MEDICA 

Caffeina.    Dose,  i  to  5  grs. 
Caffeinae  Citras.    Dose,  2  to  10  grs. 

Caffein^e  Citras  Effervescens.— Containing  citric  acid,  tartaric  acid 
and  sodium  bicarbonate.    Dose,  60  to  120  grs. 

Diuretin.  (Not  official.)  Contains  about  40  per  cent,  theobromine 
and  60  per  cent,  sodium  salicylate.    Dose,  5  to  15  grs. 

Uvae  Ursi  Folia. 

j  PrEI'ARATION 

Infusum  Uvs  Ursi. 
^  Dose,  2  to  I  oz. 

Scoparium.    See  under  "  Drugs  Acting  on  Nerve-Cells." 
Buchu.    See  under  "  Essential  Oils." 


URINARY  ANTISEPTICS 

Drugs  are  not  employed  to  diminish  the  quantity  of  urine.  Any 
mildly  irritant  drug  which  is  excreted  by  the  kidneys  will  induce 
slight  irritation  followed  by  vaso-dilatation  and  diuresis.  But 
many  of  these  irritant  drugs  in  large  dosage  induce  intense  vaso- 
constriction, and  may  thus  be  the  cause  of  anuria.  Such  drugs  are 
cantharides  and  turpentine. 

The  reaction  of  the  urine  can  be  altered  and  the  urine  rendered 
alkaline  by  the  carbonates,  acetates,  tartrates,  or  citrates  of  potas- 
sium, sodium,  or  hthium.  The  organic  salts  produce  this  effect, 
because  they  are  oxidised  in  the  body  and  excreted  as  carbonates. 

Benzoic  acid  is  the  drug  principally  employed  to  render  the  urine 
more  acid.  During  its  passage  through  the  kidney  it  combines  with 
c^lycocoll  and  is  excreted  as  hippuric  acid.  It  is  not  however 
?ery  effective.  Salicyhc  acid,  which  has  also  been  used  for  the 
same  purpose,  is  even  less  valuable.  The  best  drug  for  this  purpose 
is  acid  sodium  phosphate,  the  natural  acid  of  the  urine,  which  renders 
it  very  much  more  acid. 

Drugs  are  often  employed  to  disinfect  the  genito-urinary  tract  in 
conditions,  for  example,  in  which  the  urine  is  undergoing  fermentation 
in  the  bladder.  The  drugs  which  are  used  for  this  purpose  are  the 
volatile  oils,  especially  copaiba,  cubebs,  sandal-wood,  also  acid  sodium 
phosphate,  benzoic  acid  and  urotropine. 

Drugs  are  sometimes  administered  to  prevent  the  deposition  in 
the  urinary  passages  of  the  solids  of  the  urine,  especially  uric  acid 
calculus,  and  in  gout  to  aid  in  the  excretion  of  uric  acid.  For  this 
purpose'  alkalies  are  generally  given,  especially  lithium  carbonate, 
in  which  uric  acid  is  most  easily  soluble. 

Piperazine  has  the  property  of  dissolving  twelve  times  the  amount 
of  uric  acid  that  lithium  carbonate  dissolves.    Urotropine,  which 
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also  dissolves  large  quantities  of  uric  acid,  has  been  employed  to 
produce  the  same  effect.  Neither  piperazine  nor  urotropine  is  of 
any  value  when  used  for  this  purpose.  Piperazine,  0.2  per  cent,  in 
blood-serum— an  amount  never  likely  to  be  attained  in  the  living 
body— has  no  effect  in  increasing  the  solubility  of  sodium  biurate. 

MATERIA  MEDICA 

Urotropine,  (CH,)„N,.    Dose,  10  to  15  grs.    CNot  official.) 
NH 


CH, 

Piperazine, 

CH., 


CH, 

Dose,  3  to  10  grs.    (Not  official.) 

CH., 


NH 


CHAPTER  XI 


GROUP  OF  CARDIAC  TONICS 

Digitalis.    Strophanthus.  Squill. 

Action  of  Drugs  on  the  Heart. — The  beat  of  the  heart  can  be 
influenced  by  drugs  in  one  of  two  ways :  either  the  rate  may  be 
altered  or  the  force  and  type  of  contraction  may  be  changed. 

In  the  first  place,  the  heart-beat  may  be  slowed  by  stimulating 
any  part  of  the  vagal  mechanism.  This  can  be  brought  about  b}^ 
directly  exciting  the  medulla  with  such  drugs  as  strychnine  and 
aconitine,  or,  as  we  have  seen  already,  by  the  sudden  inhalation  of 
a  large  dose  of  chloroform  (Fig.  42,  A).  Also,  the  medulla  may  be 
excited  refiexly  by  afferent  impulses  reaching  it  through  the  fifth 
and  tenth  nerves.  Thus  the  inhalation  of  ammonia  or  acid  vapour 
tends  to  slow  the  heart  through  irritation  of  the  sensory  endings, 
both  in  the  nose  (fifth  nerve)  and  the  sensory  endings  in  the  lungs 
(tenth  nerve).  Any  considerable  skin  excitation,  such  as  a  very 
severe  burn,  produces  the  same  reflex  effect,  whilst  it  is  well  known 
that  psychical  emotion  may  produce  cardiac  inhibition.  Finally, 
the  medulla  is  affected  through  the  blood-pressiire.  Any  cause 
which  tends  tp  raise  blood-pressure  also  tends  to  stimulate 
the  medulla  and  so  to  slow  the  heart-beat.  Thus  adrenalin 
which  raises  the  pressure  largely  from  vaso-constriction,  and  which 
has  no  direct  action  on  the  medulla,  also  slows  the  heart-beat, 
especially  when  the  pressure  is  at  its  highest.  In  these  cases  no 
cardiac  slowing  is  obtained  if  the  vagi  are  either  severed,  or  para- 
lysed by  the  use  of  atropine.  Secondly,  the  vagal  mechanism  can 
be  excited  through  the  intra-cardiac  ganglia  on  its  course,  by  such 
drugs  as  nicotine,  confine  and  lobeline  (Fig.  42,  B).  The  stimulation 
is  only  transient,  and  to  observe  the  effect  the  drug  should  be  in- 
jected into  the  circulation.  Thirdly,  the  vagus  can  be  excited 
through  its  endings  in  cardiac  muscle  (Fig.  42,  C).  Several  drugs 
have  this  action,  including  the  members  of  the  digitalis  group, 
physostigmine  and  pilocarpine.  Any  cause  which  tends  to  depress 
the  excito-motor  apparatus  would  tend  also  to  slow  the  heart,  but 
we  know  of  no  drugs  which  in  therapeutic  doses  produce  this 
effect.  Finally,  drugs  which  produce  mild  excitation  of  the  ordi- 
nary cardiac  muscle  also  slightly  slow  the  heart-beat.  Thus 
digitalis  slows  the  heart  a  little,  even  when  the  vagal  endings  are 
paralysed  by  atropine. 
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Acceleration  of  the  heart  can  be  brought  about  by  any  of  the 
reverse  processes  to  those  just  described,  and,  in  the  first  place,  by 
stimulating  some  portion  of  the  accelerator  mechanism.  As  this 
mechanism  is  augmentor  as  well  as  accelerator,  it  follows  that 
drugs  which  act  in  this  way  generally  increase  the  force  as  well 
as  the  rate  of  the  beat.  We  know  little  concerning  the  action  of 
drugs  on  the  more  central  portions  of  this  mechanism,  but  on  the 
nerve-endings  in  the  heart  several  drugs  act  (Fig.  42,  D).  AdrenaHn 
is  the  best  example  of  these.  This  drug  when  introduced  into  the 
circulation  both  accelerates  and  increases  the  force  of  the  heart- 


FiG.  42. — Diagram  showing  the  Innervation  of  the  Heart. 

A  =  Vagal  centre  in  the  medulla  ;  B  =  Intra-cardiac  ganglion  on  vagus  ;  C  =Vagal  endings  ; 
D  =  Sympathetic  endings  ;  £  =  Cardiac  muscle  ;  F  =  Excitc-motor  area  ;  G  —  Ganglion-ceil 
on  the  course  of  the  sympathetic  nerve. 

Table  of  Drug  Actions 

A.  Strychnine  +,  aconitine  +,  picroto.xin  +,  HCN  +  -  ,  cornutine  +,  chloral  and  hypnotics  -  . 

B.  Nicotine  -\ — ,  coniine  +  -  ,  gelsemine  -  . 

C.  Pilocarpine +,  physostigmine +,  digitaUs+,  atropine  -. 

D.  Adrenalin  +,  cocaine  +,  pilocarpine  +. 

E.  Barium +.  calcium +,  veratrine+,  digitalis +,  ergot +,  chlorofcrm  -  chloral  -. 

F.  Caffeine +,  aconitine +. 
6.  Same  as  B. 

(+  represents  stimulation  and  -  depression.) 

beat  (Fig.  84).  The  effect  is  not  obtained  if  the  sympathetic  nerve- 
endings  are  paralysed.  Pilocarpine  administered  hy  the  mouth  in 
medicinal  doses  also  slightly  quickens  the  pulse,  and  it  is  ]:)robable 
that  this  is  brought  about  in  the  same  way  ;  and  the  increased  pulse- 
rate  observed  after  taking  cocaine  affords  a  third  example.  A 
second  method  of  accelerating  the  heart-beat  is  to  depress  the  in- 
hibitory mechanism.  This  may  be  done  by  drugs  acting  either  on 
the  medulla,  the  nerve-cells  in  the  heart,  or  the  nerve-endings. 
Aneesthetics  and  narcotics  depress  the  medulla  and  so  tend  to 
quicken  the  heart  :  chloral  and  chloroform,  during  the  anjesthetic 
stages,  afford  examples  of  this.  The  heart  may  be  accelerated 
reflexly  through  the  medulla  by  any  mild  stimulus  applied  to  the 
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skin.  Thus  an  ordinary  blister  or  mustard-plaster  produces  a 
distinct  increase  in  the  rate.  Again,  it  should  be  remembered  that 
any  cause  which  brings  about  a  lowering  of  blood-pressure  tends  to 
quicken  the  heart  by  diminishing  the  tonus  of  the  medulla  ;  and 
some  of  the  quickening  seen  after  taking  a  nitrite  is  due  to  this 
cause. 

Secondly,  the  nerve-cells  on  the  course  of  the  vagus  are  depressed 
and,  in  large  doses,  paralysed  by  such  drugs  as  nicotine,  conine,  or 
lobeline  ;  and  one  of  the  features  of  nicotine-poisoning  is  a  rapid 
]iulse.  Thirdly,  the  vagal  nerve-endings  are  depressed  or  paralysed 
by  the  alkaloids  atropine,  hyoscyamine  and  hyoscine.  But 
whether  the  depression  is  central,  at  the  nerve-cells,  or  the  nerve- 
endings,  the  heart-beats  quicken,  and  the  increased  rate  depend^ 
on  the  extent  of  the  medullary  tonus.  There  is  still  another  method 
by  which  the  drugs  can  accelerate  the  heart,  namely,  by  acting  on  the 
cardiac  muscle.  It  is  well  known-  that  there  is  a  portion  of  the 
heart,  corresponding  to  the  sinus  venosus  in  the  frog,  excitation  of 
which  quickens  the  beat  ;  this  is  spoken  of  as  the  excito-motor 
portion  of  the  muscle  (Fig.  42,  F).  We  have  already  seen  that  many 
drugs  which  in  small  doses  attack  ordinary  cardiac  muscle,  produce 
some  slowing  ;  now  if  these  drugs  are  given  in  larger  doses  the 
action  spreads  to  the  excito-motor  portion  of  the  heart,  and  accelera- 
tion follows.  The  beat  becomes  quicker  and  quicker,  and  ulti- 
mately the  heart  enters  into  fibrillary  twitchings  (delirium  cordis). 
Every  drug  which  excites  cardiac  muscle  produces  this  effect  if 
given  in  poisonous  doses.  Some  drugs  which  act  on  the  heart-muscle 
exert  their  initial  effect,  not  on  the  ordinary  muscle  (£),  but  on 
this  excito-motor  area  (F).  Caffeine  and  the  purine  derivatives 
are  perhaps  the  best  known  of  these  ;  the  smallest  doses  of  these 
drugs  tend  to  quicken  the  isolated  heart.  Aconitine  is  another 
drug  which  in  big  doses  acts  on  the  excito-motor  area  before  the 
ordinary  cardiac  muscle,  and  kills  the  heart  by  sending  it  into  fibril- 
lary twitchings. 

We  have  to  consider  now  how  alterations  in  the  force  of  contrac- 
tion of  the  heart  can  be  brought  about.  It  has  been  already  ob- 
served that  drugs  which  excite  the  accelerator  mechanism  increase 
the  force  of  contraction.  The  same  result  may  be  attained  by 
drugs  such  as  barium  and  veratrine,  which  directly  excite  cardiac 
muscle.  They  produce  a  more  prolonged,  a  more  vigorous  and  a 
more  perfect  systole,  and  an  imperfect  relaxation  ;  and  in  the  frog — 
the  heart  of  which  does  not  enter  into  fibrillary  twitchings — the 
extent  of  diastole  becomes  less  and  less,  until  ultimately  there  is 
standstill  in  systole. 

It  now  remains  to  state  the  meaning  of  the  term  "  cardiac  stimu- 
lant." In  order  to  make  this  plain,  let  us  examine  a  common  case 
of  cardiac  disease  in  which  the  mitral  valve  is  incompetent.  When 
the  left  ventricle  contracts,  some  of  the  blood  regurgitates  through 
the  mitral  valve  into  the  left  auricle,  and  so  produces  back-pressure 
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on  the  right  side  of  the  heart  and  therefore  general  venous  conges- 
tion. Sufficient  arterial  blood  does  not  pass  through  the  coronary 
vessels  and  the  heart  is  not  properly  nourished  ;  so  the  muscle 
degenerates  and  the  heart  dilates.  Such  a  heart  will  be  found  to 
be  beating  inefBciently  but  very  rapidly.  The  ventricle  is  so  feeble 
that  the  heart  never  empties  itself,  and  as  compensation  for  this  the 
rate  is  increased.  If,  now,  we  administer  a  cardiac  stimulant  (a 
member  of  the  digitalis  group  of  drugs)  the  force  of  contraction 
and  the  tonus  of  the  muscle  are  increased  so  that  the  heart  empties 
itself  more  completely.  Digitalis  also  stimulates  the  vagus  mechan- 
ism and  so  the  diastoHc  phase  is  longer  ;  hence,  each  systole  is 
more  vigorous  and  prolonged,  so  that  relatively  more  blood  passes 
up  the  aorta,  and  the  heart  is  slower.  In  a  word,  the  heart  is 
not  made  to  do  more  work,  but  it  is  made  to  do  more  useful  work. 
A  general  rule  in  the  treatment  of  disease  is  to  give  the  affected 
organ  as  much  "  rest "  as  possible,  and  here,  as  elsewhere,  the  rule 
holds  ;  digitalis  in  small  doses  rests  the  heart  by  increasing  diastole. 

The  force  of  the  beat  may  be  changed  by  altering  the  peripheral 
resistance  in  the  arterioles  ;  this  will  be  considered  later. 

Cardiac  depression,  i.e.,  diminution  of  the  force  of  contraction, 
can  be  brought  about  by  any  drug  which  depresses  the  cardiac 
muscle;  chloral,  chloroform  and  potassium  salts  will  serve  as 
examples. 

DIGITALIS 

Digitalis  or  foxglove  leaves  are  obtained  from  the  plant  Digi- 
talis purpurea,  and  should  be  gathered  in  the  autumn.  The  chem- 
istry of  digitalis  is  most  unsatisfactory.  A  number  of  glucosides 
can  be  extracted,  of  which  digitoxin  possesses  the  characteristic 
action  of  the  drug  on  the  heart,  and  is  the  most  toxic.  Another 
glucoside  is  digitonin,  which  is  a  member  of  the  saponin  group, 
and  possesses  all  the  properties  of  these  bodies.  Although  it  is  not 
absorbed  from  the  alimentary  canal  it  is  of  considerable  importance, 
as  it  aids  in  the  solution  of  some  of  the  other  glucosides.  Digitalin 
has  a  similar  action  to  digitoxin,  but  is  weaker.  Digitalein  is  a 
name  given  to  yet  another  glucoside  with  a  somewhat  doubtful 
action,  and  a  fifth,  digitin,  is  inert. 

Too  much  stress  should  not  be  laid  on  these  different  glucosides  ; 
they  are  very  unstable  and  have  never  been  prepared  absolutely 
pure,  and  it  is  more  than  probable  that  the  names  given  above 
really  apply  to  mixtures. 

Out  of  all  this  tangle  we  have  one  valuable  chemical  fact  :  we 
can  always  prepare  from  good  digitalis  leaves  a  certain  quantity  of 
active  digitoxin,  but  it  is  impossible  to  estimate  the  amount  and 
so  standardise  the  drug  chemically,  as  the  different  methods  give 
very  different  results,  and  the  glucosides  are  unstable.  Further, 
the  samples  of  digitoxin  at  pre.sent  on  the  market  vary  in  activity 
even  more  than   the  galenical  i)reparations.    Tlie  physiological 
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method  is  the  only  one  at  present  available  for  standardising  this 
drug. 

Two  preparations  of  digitahs  are  used  in  medicine  :  an  infusion 
and  a  tincture.  Now  digitoxin  and  digitalin  are  insoluble  in 
water  but  soluble  in  alcohol,  whilst  the  less  active  glucosides  are 
said  to  be  soluble  in  water.  Nevertheless,  the  infusion  contains 
some  digitoxin  and  digitalin  in  suspension,  the  emulsification  being 
brought  about  by  means  of  the  digitonin.  The  glucosides  of  digi- 
talis readily  undergo  decomposition  and  form  resin-like  bodies  ; 
that  resulting  from  digitoxin  is  termed  toxiresin,  and  that  from  the 
others,  digitaliresin.  The  changes  occur  especially  in  old  specimens 
and  are  probably  caused  by  bacterial  action.  These  resins  produce 
convulsions  by  acting  on  the  medulla,  and  act  precisely  like  picto- 
toxin.  Old  preparations  of  the  infusion  are,  therefore,  not  only 
useless  but  absolutely  harmful,  since  the  resins  which  are  formed 
are  more  toxic  than  digitalis. 

We  will  take  digitalis  as  a  typical  member  of  this  series  and 
describe  its  action  fully,  and  subsequently  note  any  differences 
between  it  and  that  of  other  members  of  the  group. 

Action 

Externally  digitalis  is  intensely  irritant,  and  when  apphed  to 
any  of  the  mucous  membranes  gives  rise  to  inflammation  and  pain. 
Subsequently,  like  most  'protoplasmic  poisons,  it  paralyses  the 
sensory  nerves.  Its  intensely  irritant  nature  can  be  well  seen  by 
injecting  some  of  the  British  Pharmacopoeial  tincture  subcutaneously, 
when  inflammation  ensues,  and  may  even  give  rise  to  abscesses  ;  or 
if  5  c.c.  of  the  tincture  is  placed  in  the  stomach  of  an  anaesthetised 
or  decerebrate  animal,  and  left  there  about  two  hours,  an  examina- 
tion of  the  stomach  will  reveal  acute  inflammation,  and  very  pro- 
bably ulceration  also  ;  so  that  the  irritant  action  of  the  drug  is  of 
a  peculiarly  virulent  type.  This  effect  is  due  to  the  digitoxin  ;  the 
digitalin  is  reputed  to  be  non-irritant. 

Digitahs  is  absorbed  slowly  from  the  small  intestine  :  sometimes 
no  effects  follow  the  administration  until  from  ten  to  thirty  hours 
afterwards. 

It  exerts  its  principal  action  on  the  circulatory  system.  Its  action 
on  the  heart  is  complex.  In  therapeutical  doses  it  alwa^^s  slows 
the  rate  of  the  beat.  This  is  partly  due  to  excitation  of  the 
medulla,  because  if  the  vagi  are  previously  severed  the  slowing  is 
not  so  great.  Digitalis  will  slow  the  beat  of  the  isolated  heart,  and 
this  is  due  mainly  to  an  effect  on  the  vagal  endings,  because  if 
these  are  paralysed  by  atropine,  digitalis  no  longer  produces  much 
slowing.  But  even  in  the  atropinised  heart  digitalis  may  still  induce 
a  slightly  slower  beat,  which  is  the  result  of  the  action  of  the  drug 
on  cardiac  muscle. 

When  the  vagus  nerve  is  stimulated,  not  only  is  the  heart-beat 
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slowed  but  the  force  of  systole  is  diminished  and  the  length  of 
diastole  is  increased  :  these  effects  are  shown  diagrammatically  at 
A  in  Fig.  43,  and,  of  course,  did  they  exist  alone  would  cause  a 
diminished  output  of  blood  from  the  heart  and  a  consequent  fall 
of  blood-pressure. 

Besides  this  action,  digitalis  has  another  upon  cardiac  muscle, 
and  the  effect  of  this  is  well  shown  on  the  atropinised  frog's  heart, 
in  which  the  ventricles  do  not  dilate  so  well  in  diastole,  but  their 
contraction  in  systole  is  more  complete  and  more  prolonged  (Fig.  43). 
The  slowing  which  thus  occurs  is  a  systolic  not  a  diastolic  slowing, 
and  is  due  to  the  heart  remaining  contracted  longer  than  usual  ; 


Fig.  43. — Diagrammatic  Representation  showing  how  the 
Digitalis  Action  on  the  Heart  is  made  up. 

A  shows  the  vagal  action  alone.  The  effect  begins  at  the  seventh  beat,  and  consists  of  ■— 
(1)  More  complete  diastole,  (ii)  prolonged  diastole,  (iii)  diminished  svstole  B  shows  the 
mnscular  action  alone.  The  effect  begins  at  the  seventh  beat,  and  consists  of  (i)  More 
complete  systole,  (ii)  more  prolonged  systole,  and  (iii)  diminished  diastole.  C  shows  the 
addition  of  these  two  factors,  i.e.,  a  typical  digitalis  action.  There  is  more  complete  and 
prolonged  systole,  and  complete  and  more  prolonged  diastole  ;  so  that  the  cardiac  output  is 
increased  per  beat. 

the  diastole  is  very  short.  The  systole  becomes  more  and  more  pro- 
longed, and  diastole  less  and  less  decided,  so  that  the  output 
becomes  smaller  and  smaller.  Ultmiately,  there  is  standstill  in 
systole,  the  auricles  being  bulged  out  with  blood,  and  the  ventricle 
small  and  almost  white  in  extreme  contraction  (Fig.  43,  B).  Digi- 
talis, then,  acts  on  cardiac  muscle,  and  increases  the  tonus,  in  much 
the  same  way  as  barium  or  veratrine  increases  the  tonus  of  plain 
muscle  elsewhere.  It  is  quite  obvious  that  this  action,  which  for 
the  time  being  we  can  regard  as  a  general  type,  must  tend  also  to 
diminish  the  output  from  the  heart.  But  digitalis  in  suitable 
amount  actually  increases  the  cardiac  output.  The  means  by  which 
this  is  brought  about  may  be  readily  understood  by  a  reference  to 
43-    The  three  hypothetical  curves  indicate  the  heart-beats 
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of  an  animal,  and  the  upstroke  in  each  case  represents  systole. 
"  A"  shows  the  effect  of  the  vagal  excitation,  "  B  "  the  muscular 
effect  taken  alone,  and  "C"  the  addition  of  the  two,  or  the  most 
characteristic  action  of  digitalis.  It  should  be  noticed  that  there 
is  increased  systole,  prolonged  systole  and  more  complete  and  longer 
diastole.  Either  the  "  A  "  or  "  B  "  effect,  taken  separately,  diminishes 
the  output  per  beat,  but  when  they  are  combined,  as  at  "  C,"  then 
the  vagal  effect  ensures  that  the  ventricle  fills  with  blood,  and  the 
muscular  effect  induces  a  more  complete  emptying;,  so  there  results 


Fig.  44. — Cat.  (Decerebrate.)    Cardiometer  and  B.-P. 

At  A  5  m.  of  tincture  of  digitalis  were  given  by  a  vein.  Note  the  more  complete  systole 
(down-stroke)  and  the  increased  output  of  blood  per  beat  (total  height  of  curve).  B.-P. 
rises  mainly  because  of  the  increased  cardiac  output.    Time  =  sees. 


a  more  efficient  diastole  and  systole,  and  in  consequence  a  consider- 
ably augmented  output,  not  only  per  beat  but  per  minute,  and  this 
in  spite  of  the  slowing. 

If  we  pass  now  from  the  hypothetical  to  the  particular  and  ex- 
amine the  mammalian  heart,  we  find  that  the  same  facts  hold  good  ; 
further,  as  the  dose  is  increased  to  within  poisonous  limits,  cardiac 
effects  are  produced  which  are  due  either  to  an  excessive  inhibitory 
or  to  an  excessive  muscular  action.  We  can,  therefore,  divide  the 
action  of  digitalis  on  the  heart  of  a  man  into  three  stages : — 

Stage  I  is  the  therapeutical,  in  which  the  heart  is  moderately 
slowed,  and  in  which  it  fills  and  empties  more  completely.  This 
effect  can  be  shown  experimentally  on  animals  in  a  variety  of 
ways  ;  perhaps  the  best  is  by  means  of  the  cardiometer.    This  is  a 
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glass  bulb,  which  is  litted  round  the  heart  between  it  and  the  peri- 
cardium and  made  air-tight  by  vaseline.  When  this  cardiometer 
is  connected  to  a  recorder  the  volume  changes  of  the  heart  are  de- 
termined. As  the  heart  fills  with  blood  the  recording  lever  rises, 
and  as  the  heart  empties  the 
lever  falls.  Fig.  44  shows  the 
effect  of  digitalis  on  a  cat's 
heart,  the  movements  of  which 
have  been  recorded  in  this  way. 
The  output  of  blood,  as  mea- 
sured by  the  vertical  lines,  is 
increased  considerably  during 
each  beat,  and  the  force  and 
length  of  systole  are  aug- 
mented. 

The  actual  contraction  of  the 
cardiac  muscle  can  be  deter- 
mined in  the  intact  animal  by 
attaching  a  thread  to  the  apex, 
say,  of  the  left  ventricle,  and 
connecting  this  over  a  pulley 
to  a  weighted  lever,  so  that 
each  contraction  of  the  ventricle 
induces  a  movement  upwards 
of  the  lever.  Digitalis  in 
therapeutic  doses  increases  both 
the  up-stroke  and  down-stroke 
of  such  a  system,  but  espe- 
cially the  up-stroke.  Perhaps 
the  effect  on  the  ventricular 
muscle  is  best  determined  by 
perfusing  the  isolated  heart 
through  the  coronary  arteries 
with  Ringer's  solution,  and  re- 
cording the  movements  of  the 
ventricle  by  a  thread  attached 
directly  to  the  heart  and  to  a 
lever.  Fig.  45  represents  such 
a  tracing  and  demonstrates  the 
typical  digitalis  action.  In  ex- 
periments of  this  type  it  can 
be  readily  shown  that  the 
mammalian  heart,  like  the  frog's  heart,  dies  in  systole. 

Digitalis  exerts  its  most  pronounced  effects  on  the  heart,  in  mitral 
disease  with  dilatation  and  the  resulting  back-pressure  effects  such 
as  congestion  of  the  lungs,  liver,  kidneys,  and  dropsy.  The  heart 
in  such  a  condition  is  almost  always  very  rapid,  and  digitalis  pro- 
duces its  beneficial  action  as  follows  :— In  the  first  place,  it  prolongs 
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diastole  and  rests  the  heart :  secondly,  it  acts  on  the  cardiac  muscle 
and  produces  a  more  powerful  systole,  and  so  forces  more  blood 
through  the  coronaries  ;  as  a  result  of  the  latter  effect  it  improves 
the  nutrition  of  the  heart.  It  is  probably  for  this  reason  that  an 
irregular  heart  becomes  regular. 

Though  we  have  not  drawn  special  attention  to  the  auricle  its 
movements  are  modified  in  the  same  way  as  those  of  the  ventricle, 
relaxation  is  hardly  altered,  but  contraction  is  more  complete. 

Stage  2. — Two  stages  of  poisoning  by  digitalis  are  known.'  The 
one  in  which  an  excess  of  inhibition  overshadows  for  the  time  being 
the  muscular  effect.  In  this  the  heart-beat  is  irregular  and  slow, 
but,  provided  the  effect  is  not  very  great,  the  output  at  each  systole 
is  still  greater  than  normal,  since  the  prolonged  diastole  gives  ample 


Fig.  46. — Cat.    The  Upper  Tracing  represents  B.-P.  and  the 
Lower  the  Volume  of  a  Small  Loop  of  Intestine. 

At  A  7  m.  tinct.  digitalis  were  given  by  a  vein.  The  intestinal-volume  slowly  diminishes  as 
the  result  of  vaso-constriction.  The  blood-pressure  rises  partly  from  the  vaso-coastriction 
and  partly  from  the  increased  cardiac  output.    Time  =  12  sees. 

time  for  the  ventricles  to  fill.  But  sometimes  the  inhibition  is  so 
powerful  that  the  muscular  action  of  the  drug  is  overshadowed 
and  the  systole  is  actually  weaker  than  normal.  Not  uncommonly 
the  auricles  and  ventricles  beat  with  different  rhythms.  This  stage 
in  digitalis  poisoning  can  be  abolished  by  an  injection  of  atropine, 
which  depresses  the  inhibitory  apparatus  by  acting  on  the  vagal 
nerve-endings. 

Stage  3. — Very  large  doses  of  digitalis  produce  fibrillary  twitchings 
of  cardiac  muscle.  First,  the  heart  increases  in  rate,  not  on  account 
of  any  vagal  action,  for  acceleration  is  still  induced  even  when  these 
nerves  are  atropinised.  The  condition  is  probably  due  to  an  action 
on  that  part  of  the  cardiac  muscle  which  we  term  the  excito-motor 
area.  As  the  acceleration  increases  the  heart  beats  in  an  extremely 
irregular  fashion,  and  the  output  per  beat  varies  coasiderably  on 
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account  of  the  absence  of  sequence  between  auricles  and  ventricles 
(Fig.  47,  D).  Nevertheless,  during  the  early  part  of  this  stage  the 
output  from  the  heart  per  minute  is  increased  on  account  of  the 
greater  rate.  But  as  the  acceleration  and  arhythmia  continue 
relaxation  becomes  less  and  less  perfect,  and  the  heart  ultimately 
enters  into  fibrillary  twitchings  (dilirium  cordis). 

Whenever  an  organ  is  made  to  perform  an  excess  of  work  over 
the  normal  and  for  a  prolonged  period,  it  hypertrophies.  Thus,  if 
one  kidney  is  removed  the  other  hypertrophies  to  take  its  place. 
So,  if  an  animal  is  given  digitalis  every  day  for  two  or  three  months, 
and  is  then  killed,  its  heart  as  compared  with  controls  from  animals 
in  the  same  litter  shows  decided  hypertrophy,  and  is  greater  in 
weight.    This  factor  should  not  be  neglected  in  therapeutics. 

The  vessels  are  constricted  by  digitalis,  and  the  action  is  both 
peripheral  and  central.  Vaso-constriction  can  be  shown  in  an  intact 
animal  by  enclosing  some  abdominal  viscus  in  an  oncometer  and 
then  injecting  the  drug  ;  the  volume  of  the  viscus  shrinks  in  spite 
of  the  rise  in  blood-pressure,  and  such  immediate  diminution  in 
volume  can  only  be  vascular  (Fig.  46).  The  same  result  may  be 
obtained  in  man  by  placing  one  arm  (preferably  that  of  some  one 
with  a  low  blood-pressure)  in  a  suitable  oncometer  and  injecting 
digitalis  as  before  ;  in  this  case  the  vaso-constriction  is  best  recog- 
nised by  the  diminished  volume-pulse.  The  constriction  is  partly 
central  in  origin,  because  it  is  decidedly  less  after  section  of  the 
splanchnic  nerves  ;  but  a  considerable  amount  is  due  to  the  direct 
action  of  the  drug  on  the  muscle  of  the  arterioles.  If  defibrinated 
blood  is  perfused  through  the  vessels  of  the  isolated  kidney,  intestine, 
or  limb  of  a  cat  or  rabbit,  and  the  outflow  measured  every  ten  or 
twenty  seconds,  then  the  addition  of  digitalis  to  the  perfusing  fluid 
at  once  diminishes  the  outflow  as  a  result  of  the  constriction. 

It  now  remains  to  observe  how  these  vascular  changes  affect  blood- 
pressure.  In  the  therapeutic  stage  blood-pressure  slowly  lises, 
both  on  account  of  the  vaso-constriction  and  the  increased  output 
from  the  heart  (Fig.  47,  B).  More  blood  is  forced  out  from  the 
heart  into  the  vessels  and  meets  with  greater  resistance  than  usual, 
so  that  the  arteries  fill  with  blood  and  the  veins  empty  quickly. 
The  volume  of  any  viscus,  such  as 'the  kidney,  wifl  thus  assume  the 
mean  between  these  two  factors  (Fig.  50).  It  tends  to  dilate,  since 
the  heart  is  pumping  out  more  blood,  and  it  tends  to  contract,  on 
account  of  the  vaso-constriction.  The  resultant  is  a  moderate  con- 
striction of  vessels  with  an  increased  velocity  of  blood-flow. 

If  there  is  an  excess  of  inhibition,  as  in  Stage  2,  the  output  from 
the  heart  may  be  so  much  diminished  as  to  produce  a  fall  of  blood- 
pressure.  During  the  acceleration  in  the  final  stage  (Fig.  47,  D) 
the  blood-pressure  again  rises,  but  as  the  arhythmia  increases  it 
slowly  falls  again,  until  quite  suddenly  it  drops  to  zero,  and  the  heart 
is  found  to  be  in  fibrillary  twitchings.  The  relative  action  of  digi- 
talis on  different  vessels  has  been  considered  already  ;  the  coronary 
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arteries  become  constricted,  especially  in  the  later  stages  of  poison- 
ing, and  may  cause  death  by  limiting  the  blood-supply  to  the 
heart  (Fig.  48). 

Digitahs  has  an  action  also  on  other  forms  of  plain  muscle. 
It  increases  tonus  and  stimulates  the  activity  of  the  ordinary  auto- 
matic movements.  When  given  by  the  mouth  or  injected  it 
induces  increased  movements  of  the  stomach  and  vomiting.  This 
is  a  peripheral  effect,  probably  on  the  vagal  nerve-endings.  Similar 
changes  are  induced  on  the  rest  of  the  gut ;  peristalsis  is  increased 
and  diarrhoea  follows.  All  these  effects  are  peripheral,  since  the 
changes  can  stiU  be  observed  in  the  isolated  and  artificially  perfused 
gut.  The  uterine  movements  are  similarly  influenced,  and  when  the 
organ  is  pregnant  abortion  may  ensue.  The  tonus  of  the  bron- 
chioles, spleen  and  other  plain  muscle  in  the  body  is  also  increased. 

It  must  be  remembered  that  these  effects  are  of  relatively  small 
importance  when  medicinal  doses  of  digitalis  are  being  employed, 
and  when  they  are  to  be  seen,  they  indicate  that  the  amount  of  drug 
which  is  being  absorbed  is  excessive  and  the  administration  should 
cease  for  a  time. 

The  central  nervous  system  is  stimulated,  the  effect  being 
especially  on  the  medulla.  Respiration  is  deeper  and  quicker,  the 
heart  is  slowed,  and  the  vaso-motor  centre  excited.  The  vomit- 
ing which  follows  the  administration  of  large  doses  of  digitalis  is 
mainly  peripheral  in  origin,  although,  no  doubt,  the  medulla  is  more 
excitable  to  reflexes.  After  very  large  doses  of  digitalis  convulsions 
are  sometimes  obtained,  which  are  comparable  in  every  way  with 
those  produced  by  picrotoxin.  We  have  seen  already  that  the  blood- 
vessels of  the  brain  are  passive,  and  their  state  of  distension  is  de- 
termined entirely  by  the  blood-pressure. 

In  the  specific  fevers  and  in  conditions  where  there  is  reason  to 
believe  the  central  nervous  system  is  affected,  digitalis  sometimes 
loses  its  power  of  slowing  the  heart  whilst  it  still  produces  its  normal 
effect  on  the  cardiac  muscle.  In  such  cases  if  the  drug  is  pushed 
poisoning  is  apt  to  ensue. 

Digitalis  is  sometimes  employed  as  a  diuretic  in  cardiac  disease, 
especially  in  those  cases  of  mitral  disease  which  are  accompanied 
by  dropsy  and  venous  congestion,  and  in  which  very  little  urine, 
perhaps  only  a  few  ounces  a  day,  is  being  passed.  In  these  cases 
the  diuresis  from  digitalis  is  very  decided,  and  must  be  regarded  as 
entirely  due  to  the  improved  circulation.  The  venous  congestion 
gradually  passes  off  and  the  kidney  again  receives  a  good  supply 
of  arterial  blood,  to  which  it  responds  by  a  free  secretion  of  urine. 
If  digitalis  is  given  to  a  healthy  man  it  does  not  behave  as  a  diuretic, 
or  at  most  only  increases  the  urine  by  a  few  ounces.  If  a  dose  is 
given  to  an  animal  in  which  the  kidney  volume  and  the  excretion  of 
urine  are  measured  simultaneously,  it  is  found  that  the  flow  of  urine 
may  be  slightly  increased  at  a  time  when  the  renal  vessels  are  con- 
stricted. It  is  probable,  however,  that  in  this  case  the  increased 
blood-pressure  ensures  that,  in  spite  of  vaso-constriction,  more  blood 
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passes  through  the  kidney  than  normally.  If  very  large  doses  of 
digitalis  are  administered  the  vaso-constriction  may  be  so  great  as 
to  decrease  or  completely  inhibit  excretion.    The  greater  flow  of 

FLOW  THROUGH  CORONARY  ARTERIES  IN  C.C.PER  MINUTE 
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Fig.  48.— Graphic  Representation  of  Three  Perfusion  Experiments 

ON  Young  Rabbits. 
The  coronary  arteries  were  perfused  with  Ringer's  solution.  The  ordinates  =  outflow  per  min., 
and  the  abscissa;  time  in  minutes.  Perfusion  with  tlie  drug,  which  in  each  case  represents 
a  strength  of  i  in  2500  of  the  official  tincture,  commenced  at  the  arrows.  Squill  and  digitalis 
constrict  the  vessels  about  equally,  squill  being  a  little  the  more  active.  The  strophanthus 
has  hardly  any  action  :  the  initial  dilatation  of  the  vessels  which  it  induces  is  due  to  pro- 
ducts of  metabolism  fr6m  the  increased  cardiac  activity.  Perfusion-pressure  =  25  mms.  of 
mercury. 

urine  is  mainly  an  increase  in  the  water  ;  the  salts  and  urea  are  not 
augmented  proportionately. 
Digitalis  is  very  slowly  excreted,  probably  partly  from  the 
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intestines  and  partly  in  the  urine;  its  excretion  may  be  even 
slower  than  its  absorption,  so  that  its  continued  use  is  liable  to 
lead  to  cumulative  effects.  Sometimes  during  a  course  of  the  drug 
symptoms  of  poisoning  suddenly  develop.  The  pulse  becomes  very 
irregular  and  slow,  vomiting  and  diarrhoea  supervene  and  the  patient 
feels  very  weak  and  faint.  Any  accidental  cause,  therefore,  which 
tends  to  diminish  the  excretion  or  promote  absorption  might  lead 
to  cumulation  and  symptoms  of  poisoning.  The  symptoms  are 
rarely  serious  if  observed  in  time. 

On  account  of  the  uncertainty  of  digitalis  many  substitutes  have 
been  suggested,  but  of  these  Merck's  crystalline  digitoxin  is  perhaps 
the  best,  dose  o-TD- gr.  HomoUe's  digitaline  and  Nativelles'  digitaHne 
are  mixtures  of  somewhat  uncertain  composition ;  but  no  single 
preparation  can  be  regarded  as  so  satisfactory  as  a  good  tincture  or 
infusion,  and  the  so-called  active  principles  require  standardising 
even  more  than  the  galenical  preparations. 

MATERIA  MEDICA 

Digitalis  Folia.    Dose,  |  to  2  grs. 

Preparations 

1.  Infusum  Digitalis.    Dose,  2  to  4  drs. 

2.  Tinctura  Digitalis.    Dose,  5  to  15  m. 

STROPHANTHUS 

The  seeds  of  Strophanthus  kombe,  the  Kombe  arrow  poison,  are 
official.  The  active  principle  is  the  crystalline  glucoside  stro- 
phanthin,  QoHeeOw  which  may  be  present  up  to  3  per  cent.  Other 
constituents  of  the  seeds  are  choline,  oil  and  resin.  In  some  species 
of  strophanthus,  "  pseudo-strophanthin,"  C^gHggO^g,  is  present,  and 
is  stated  to  be  more  active  than  strophanthin.  This  drug  con- 
tains only  one  glucoside  which  is  moderately  easy  to  prepare,  but 
it  is  not  possible  to  use  a  standard  preparation  as  the  activity  of 
the  strophanthin  varies  greatly. 

The  action  of  strophanthus  on  the  heart  is  very  similar  to  that  of 
digitalis,  but  it  has  a  much  smaller  effect  on  the  peripheral  nerve- 
endings  and  on  the  central  nervous  system. 

It  was  at  one  time  used  as  a  local  anaesthetic  for  the  eye,  but  it  is 
slightly  irritant,  and  although  this  is  insignificant  compared  with 
the  irritation  of  digitalis,  yet  this  use  of  the  drug  has  been  super- 
seded by  the  introduction  of  cocaine.  On  the  stomach,  intestines 
and  uterus  it  produces  much  less  effect  than  digitalis,  and  its  stimu- 
lant action  on  the  medulla  is  also  relatively  small  when  compared 
with  the  former  drug.  It  is  absorbed  more  rapidly  and  is  less  likely 
to  produce  inflammation  of  the  stomach  than  digitalis  ;  it  is  said 
to  be  excreted  sufficiently  rapidly  to  prevent  cumulative  effects, 
although  there  is  some  doubt  about  this  latter  statement. 

Perhaps  the  most  important  difference  between  the  two  drugs  is 
the  action  on  the  vessels  (Fig.  48).    Digitalis  produces  marked 
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peripheral  vaso-constriction,  whilst  strophanthus  is  almost  without 
such  peripheral  action.    Strophanthus  acts  on  the  heart  in  almost 

the  same  way  as  digitalis,  and 
produces  the  same  effects.  Fig. 
49  shows  the  effect  of  strophan- 
thin  on  the  heart  of  the  frog, 
which  it  stops  in  systole. 

As  this  glucoside  produces  so 
little  effect  on  the  peripheral 
vessels,  and  as  it  raises  the 
blood-pressure,  it  should  send 
more  blood  through  the  kidney, 
and  act  as  a  more  efficient  diuretic 
than  digitalis,  and  this  we  find  to 
be  the  case.  Strophanthin  is 
diuretic  even  in  the  normal  ani- 
mal, because  it  raises  the  blood- 
pressure  without  constricting  to 
any  decided  degree  the  renal 
vessels.  Strophanthus  is  a  much 
more  powerful  muscle-poison  than 
digitalis  :  when  applied  directly  to 
a  voluntary  muscle  of  the  frog  it 
rapidly  produces  rigor. 

Finally,  a  comparison  of  aver- 
age samples  of  British  Pharma- 
copoeial  tincture  of  strophanthus 
and  tincture  of  digitaHs  shows 
that  in  equal  dosage  the  stro- 
phanthus is  invariably  more  toxic 
to  the  heart — often  eight  or  nine 
times  more. 

MATERIA  MEDICA 

Strophanthi  Semina. 

Preparations 

1.  Extractum  Strophanthi. 
Dose,  ^  to  I  gr. 

2.  Tinctura  Strophanthi. 
Dose,  5  to  15  m. — Much  too 

high,  should  be  2  to  5  m. 

SQUILL 

Squill  is  the  bulb  of  Urginea 
scilla.     It    contains  three  bitter 
glucosides — scillitoxin,  scillipicrin  and  scillin.    Scillin  is  crystalline, 
and  has  not  a  digitalis-Hke  action,  but  the  other  two,  which  are 
amorphous  glucosides,  produce  the  characteristic  cardiac  effect. 
Squill  acts  more  powerfully  on  the  heart  than   digitalis,  but 
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not  so  powerfully  as  strophanthus.  This  can  be  shown  by  perfusing 
the  isolated  mammalian  heart  with  a  solution  of  i  in  2500  of  the 
three  respective  tinctures  in  Ringer's  solution.  The  heart  which 
has  had  squill  dies  in  about  eighty-four  minutes,  the  one  with 
strophanthus  generally  in  fifty  or  sixty  minutes,  and  the  one 
with  digitalis  does  not  die  till  after  two  hours,  but  in  each  case 
the  death  occurs  in  systole.  Further,  squill  injected  into  the 
circulation  of  an  intact  animal  induces  a  very  much  larger  rise 
in  pressure  than  can  be  obtained  with  digitalis  (Fig.  50).  In  any 
case  where  it  is  desired  to  raise  blood-pressure  squill  should  be 
injected  in  preference  to  digitalis. 

The  type  of  action  on  the  heart  is  the  same  as  that  of  digitalis. 

On  the  blood-vessels  the  action  of  squill  is  again  more  marked 


Fig.  50. — Cat.    Intestinal-volume,  Limb-volume  and  B.-P. 

At  A  5  m.  tinct.  scillas  were  injected  into  a  vein.  The  intestinal  vessels  constrict  and  the 
blood-pressure  rises,  the  total  effect  being  greater  than  could  be  obtained  by  an  equal  amount 
of  tinct.  digitalis.  The  augmented  blood-pressure  fills  the  limb-vessels,  and  in  spite  of  their 
own  tendency  to  constrict,  the  limb-volume  increases.  If  the  blood-pressure  only  rises 
slightly  the  constriction  in  the  limb-vessels  is  evident.  Time  =  sees.  The  lungs,  brain,  and 
liver  always  behave  passively  to  the  blood-pressure  and  so  are  congested  by  this  group  of 
drugs. 

than  that  of  digitalis ;  nevertheless,  its  effects  do  not  last  so  long, 
and  this  is  apparently  to  some  extent  due  to  the  more  rapid  ab- 
sorption of  the  drug  :  cumulative  effects  are  very  rare. 

Like  digitahs,  squill  has  an  irritant  action  on  all  forms  of  plain 
muscle,  but  this  is  not  so  marked  as  that  of  the  former  drug.  In 
big  doses  it  produces  nausea  and  vomiting  like  digitahs,  and  was 
at  one  time  used  in  therapeutics  as  an  emetic.  In  smaller  doses 
it  mildly  irritates  the  stomach,  and  produces  reflex  secretion  from 
the  bronchioles  :  in  practice  it  is  used  to  produce  this  expectorant 
action.  It  is  on  account  of  its  supposed  irritant  effect  on  the 
stomach  and  intestines  that  the  value  of  squill  as  a  cardiac  tonic 
has  not  received  due  recognition  :  in  reality  it  is  less  irritant  than 
digitalis.    In  its  other  actions  squill  resembles  digitalis. 

There  are  a  number  of  other  plants  which  contain  glucosides 
belonging  to  this  group.    These  include  convallaria  (roots  of  lily 
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of  the  valley),  apocynum  (Canadian  hemp),  and  various  species  of 
C&.C  tus 

MATERIA  MEDICA 
Scilla.    Dose,  i  to  3  grs. 

Preparations 

1.  Acetum  Scillae. 

Dose,  10  to  30  m. 

2.  Oxymel  Scillse. — Containing  honey. 

Dose,  I  to  I  dr. 

3.  Syrupus  Scillae. — Acetum  Scillse,  and  sugar. 

Dose,  ^  to  I  dr. 

4.  Pilula  Ipecacuanhae  cum  Scilla. — Squill,  compound  ipecacuanha 

powder.    See  Opium. 
Dose,  4  to  8  grs. 

5.  Pilula  Scillae  Composita. 

Dose,  4  to  8  grs. 

6.  Tinctura  Scillae.— Squill,  i  ;  alcohol  (60  per  cent.),  5. 

Dose,  5  to  IS  m. 

BLOOD-PRESSURE 

The  blood-pre.ssure  may  be  regarded  as  dependent  on  three 
factors  :  (i)  the  amount  of  fluid  contained  in  the  vessels  ;  (2)  the 
output  from  the  heart  per  minute  ;  and  (3)  the  resistance  in  the 
peripheral  circulation.  It  is  possible  to  modify  blood-pressure  by 
altering  any  of  these  three  factors.  Bleeding  in  any  form  (venesec- 
tion, leeching,  cupping,  &c.),  though  a  temporary  measure,  is 
the  most  powerful  of  all  for  reducing  blood-pressure.  The  per- 
fusion of  salt  solution  into  a  vein  is  hkewise  the  most  rapid  of  all 
measures  for  raising  the  blood-pressure.  But,  in  an  emergency, 
when  the  apparatus  for  perfusion  is  not  to  hand,  the  same  effect 
may  be  attained  by  the  injection  of  a  large  quantity  of  saline 
solution  subcutaneously  or  into  the  rectum. 

Many  drugs  increase  the  output  from  the  heart,  especially  the 
group  of  cardiac  tonics  which  we  are  now  considering ;  but  these 
drugs  also  constrict  the  peripheral  vessels,  so  the  rise  in  blood- 
pressure  which  they  produce  is  a  mixed  one.  We  never  lower 
blood-pressure  for  therapeutic  purposes  by  depression  of  the  heart, 
although  this  might  be  done  by  such  drugs  as  aconite  or  chloral. 

The  peripheral  resistance  in  the  circulation  is  diminished  by 
purgatives,  massage  and  rest,  or  by  the  employment  of  the  vaso- 
dilators, such  as  nitrite  of  amyl  or  nitroglycerin.  Vaso-constriction 
may  be  brought  about  by  acting  on  the  centre  (caffeine,  cocaine  and 
strychnine)  by  excitation  of  nerve-cells  (coniine,  nicotine,  lobeline), 
excitation  of  nerve-endings  (adrenalin,  digitahs),  or  excitation  of 
the  plain  muscle  of  the  vessels  (barium,  lead,  silver). 

MATERIA  MEDICA 

Hirudo  (leeches). 


CHAPTER  XII 


ON  CERTAIN  DRUGS  WHICH  EXCITE  SENSORY  NERVE- 
ENDINGS 

Aconite.    Veratrine.  Stavesacre 
ACONITE 

Aconite  Root,  from  Aconihim  napellus,  is  the  official  variety  of 
the  Pharmacopceia.  It  contains  three  alkaloids,  of  which  (i) 
aconitine  is  the  most  important,  and  to  which  the  characteristic 
action  of  the  crude  drug  is  due.  Many  samples  of  German  and 
other  aconitine  are  made  up  of  other  less  active  alkaloids,  and  may 
contain  Httle  of  the  real  aconitine.  (2)  Benzaconine,  a  very  bitter 
and  amorphous  alkaloid,  is  obtained  by  the  hydrolysis  of  aconitine. 
(3)  Aconine  is  another  alkaloid  with  a  sweetish  taste,  which  results 
from  the  still  f\irther  hydrolysis  of  aconitine.  Aconite  root  also 
contains  aconitic  acid. 

Action 

Externally  the  drug  has  a  characteristic  action  on  the  sensory 
nerve-endings.  If  a  minute  trace  is  appUed  to  the  tongue  it  first 
produces  a  tingling  sensation,  followed  by  numbness  and,  later, 
anaesthesia.  So  characteristic  is  this  action  that  it  forms  our  most 
delicate  test  of  the  presence  of  small  quantities  of  this  alkaloid. 
If  a  trace  of  the  alkaloid  obtains  entrance  into  the  nostril,  it  excites 
the  fifth  nerve-endings  and  induces  certain  reflex  effects,  particulariy 
violent  sneezing,  coughing,  a  large  flow  of  mucous,  and,  in  some  cases, 
even  vomiting.  The  drug  is  not  absorbed  from  the  unbroken  skin, 
but  if  it  is  rubbed  in  with  fat  the  typical  tingling  sensation  is 
produced,  and  is  followed  subsequently  by  anaesthesia.  It  is 
therefore  used  as  an  ointment  to  reheve  pain,  such,  for  example, 
as  that  of  neuralgia.  It  produces  no  redness  or  other  signs  of 
inflammation.  Applied  to  the  conjunctiva  it  acts  as  a  local  anaes- 
thetic, but  it  is  not  used  for  this  purpose  since  it  is  absorbed. 

Although  aconitine,  like  the  other  alkaloids,  is  not  absorbed 
from  the  unbroken  skin  unless  it  is  rubbed  in  with  chloroform, 
alcohol,  or  some  fatty  substance,  it  is  readily  taken  up  into  the  system 
from  all  mucous  surfaces.  Hypodermic  injections  are  very  painful 
on  account  of  the  initial  stimulation  of  sensation. 

After  absorption  one  of  the  most  characteristic  effects  of  the  drug 
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is  again  this  excitation  of  nerve-endings.  Even  after  hypodermic 
injections  the  characteristic  tinghng  comes  on  after  absorption, 
especially  in  the  more  sensitive  parts,  such  as  the  tongue,  throat  and 
finger-tips,  and  there  is  a  scratching  sensation  in  the  pharynx.  These 
affections  may  be  examined  subjectively,  but  there  are  others  of 
which  we  can  have  no  cognisance  directly,  but  which,  nevertheless, 
may  have  a  very  decided  effect  on  certam  functions.  The  sensory 
terminations  of  the  vagi  in  the  lungs  are  very  active  in  producing 
reflex  effects  upon  the  heart,  respiration,  bronchioles  and  other 
organs  ;  and  if  these  are  excited,  as  we  can  hardly  doubt  they 
would  be  by  aconitine,  we  have  an  explanation  of  many  of  the 
phenomena  we  shall  presently  describe.  This  action  of  the  alkaloid 
has  led  to  its  use  in  some  painful  nervous  diseases,  especially  in 
neuralgia  of  the  fifth  nerve.  Aconitine  also  excites  certain  secretory 
nerve-endings,  and  so  gives  rise  to  a  small  increased  flow  of  sweat  : 
the  sahvation  is  not  due  to  this  cause,  but  is  reflex,  the  result  of 
stimulating  the  sensory  nerve-endings  in  the  mouth.  Large  doses 
frequently  induce  irregular  fibrillary  twitchings  in  striped  muscle 
very  similar  to  those  seen  after  physostigmine.  They  can  still 
be  observed  even  after  section  of  the  motor  nerve,  but  are  removed 
by  curare.  So  that,  besides  exciting  the  sensory  endings,  there 
is  reason  to  beheve  that  the  motor  nerve-endings  are  also  affected, 
though  to  a  minor  degree  only. 

The  medulla  shows  all  the  signs  of  excitation  at  first,  and  of 
depression  later.  In  small  doses,  therefore,  the  respiration  is 
increased  in  depth  and  frequency  ;  but  soon  this  gives  place  to  a 
slower  and  more  laboured  type  of  breathing,  and  sometimes  to 
marked  dyspnoea.  Some  of  these  effects  are,  without  doubt,  reflex, 
arising  from  excitation  of  the  sensory  vagal  endings  in  the  lungs. 
But  not  all,  for  the  dyspnoeic  type  of  respiration  still  obtains  even 
when  the  vagi  are  cut,  which  suggests  that  there  is  either  a  direct 
effect  on  the  medulla  or  an  excitation  of  the  broncho-motor  nerve- 
endings.  There  is  certainly  some  central  depression,  for  death 
ultimately  ensues  from  respiratory  failure.  The  heart-beat  is  slowed 
either  directly  or  refiexly  through  the  centre  ;  the  slowing  is  not 
obtained  if  the  vagi  are  previously  severed.  Aconitine  is  there- 
fore used  to  slow  the  heart  when  a  pure  central  inhibition  is 
desired ;  the  effect  is  associated  with  a  fall  in  blood-pressure, 
and  is  especially  marked  in  the  quick  heart  of  pyrexia.  The  vaso- 
motor centre  is  also  excited,  but  the  blood-pressure,  after  thera- 
peutic doses,  does  not  rise  on  account  of  the  very  decided  cardiac 
inhibition. 

It  is  doubtful  if  aconitine  has  any  action  on  the  higher  parts  of 
the  brain,  and  the  convulsive  movements,  which  are  sometimes  seen 
late  in  poisoning,  are  asphyxial  convulsions.  This  absence  of  action 
of  the  drug  on  any  portion  of  the  central  nervous  system  except 
the  medulla  supports  the  view  that  the  medullary  effects  are  reflex 
and  not  central.     For  if  the  drug  acted  upon  the  centre  directly. 
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then  in  big  doses  one  would  expect  it  to  attack  other  parts  of  the 
brain,  or  the  cord. 


Fig.  51.— Dog.    Movements  of  the  Left  Ventricle.  B.-P. 

The  movements  of  the  ventricle  were  recorded  by  attaching  it  to  a  thread  passing  over  a  pulley 
to  a  weighted  lever.  At  A  an  injection  of  aconitine  was  administered  by  a  vein.  The  heart 
stopped  almost  completely  and  blood-pressure  fell.  This  is  due  to  excitation  of  the  vagal  centre, 
because  when  the  vagi  are  severed,  one  at  B  and  the  other  a  little  later,  the  heart  beats 
more  rapidly  than  ever  and  blood-pressure  bounds  up.  Later  the  action  of  aconitine  on 
heart-muscle  is  shown.  The  heart  beats  much  more  vigorously  and  rapidly  :  the  rate  in- 
creases so  much  that  the  heart  soon  ceases  to  fill  and  empty  properly,  so  that  the  output  is 
diminished  and  blood-pressure  falls.  Finally,  the  muscle  enters  into  fibrillary  tvvitchings. 
Time  =  10  sees. 


On  the  heart  and  circulation  aconitine  produces  a  decided 
action.  The  type  of  change  should  be  studied  first  in  the  frog  : 
in  this  animal  the  alkaloid  induces  a  very  short  period  of  accelera- 
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tion,  followed  by  a  longer  period  of  slowing.  The  slowing  is  vagal 
in  origin,  since  it  can  be  removed  by  the  application  of  atropine. 
But,  in  any  case,  the  heart  soon  begins  to  quicken  again,  irregular 
beats  appear,  one  very  characteristic  effect  being  auricular-ventri- 
cular arhythmia.  In  the  later  stages  of  this  condition  there  may 
be  arhythmia  in  different  parts  of  the  ventricle,  some  parts  con- 
tracting whilst  others  are  dilating. 

In  mammals  we  have  seen  already  that  aconitine  in  therapeutic 
doses  slows  the  heart.  If  the  dose  is  increased,  a  second  stage  of 
acceleration  occurs  in  much  the  same  way  as  in  the  frog's  heart  : 
this  effect  is  seen  perfectly  well  in  the  isolated  mammahan  heart. 
As  the  acceleration  increases,  irregularity  of  rhythm  appears,  and 
in  consequence  there  is  considerable  fluctuation  in  the  blood- 
pressure.  Stimulation  of  the  vagus  during  this  period  often  tends 
to  make  the  heart  more  regular,  and  so  raises  the  blood-pressure. 
In  the  later  stages,  when  the  auricular-ventricular  arhythmia  is 
well  developed,  the  vagus  is  entirely  deprived  of  its  control.  This 
action  is  directly  on  the  heart-muscle,  and  must,  as  in  the  case  of 
caffeine,  be  referred  to  the  excito-motor  area.  This  we  know 
because  aconitine  will  still  accelerate  an  isolated  mammahan  heart 
even  when  all  nervous  structures  (vagus  and  sympathetic)  have  been 
paralysed  by  some  drug  such  as  apocodeine.  Death  of  the  heart 
occurs  by  the  muscle  entering  into  fibrillary  twitchings  (Fig.  51). 

Aconitine  is  sometimes  employed  to  reduce  the  temperature 
in  fevers.  It  acts  as  a  mild  diaphoretic  as  we  have  seen,  but  the 
fall  of  temperature  is  probably  due  to  some  central  effect.  The 
drug  is  excreted  mainly  by  the  kidneys;  traces  have  been  dis- 
covered in  the  sahva.  After  hypodermic  injections  it  has  been 
detected  in  the  stomach. 

Symptoms.— Shortly  after  taking  gr-  of  aconitine  the  charac- 
teristic tinghng  and  numbness  are  felt  on  the  tongue,  hps  and  mouth. 
This  is  followed  by  pain  in  the  stomach,  nausea,  and  sometimes 
vomiting  and  purging.  The  vomiting  no  doubt  is  due  to  a  reflex 
from  the  stomach,  and  the  purging  is  possibly  a  local  reflex.  Later 
the  characteristic  tinghng  spreads  over  the  whole  body.  The 
patient  is  restless  and  fibrillary  twitchings  of  the  voluntary  muscles 
appear.  The  skin  becomes  flushed,  but  a  very  characteristic  "  chilly 
sensation"  occurs  even  before  the  temperature  or  the  circulation 
through  the  skin  is  in  any  way  altered,  suggesting  some  effect  on 
the  nerves  conducting  the  sensation  of  heat.  Still  later,  the  respira- 
tion becomes  dyspnoeic  in  character  and  the  skin  cold,  livid  and 
covered  with  sweat.    Death  may  occur  from  respiratory  paralysis. 

The  heart,  which  was  at  first  very  slow,  in  the  later  stages  becomes 
much  quickened,  and  is  probably  in  all  cases  the  most  dangerous 
symptom.  Atropine  very  often  greatly  improves  the  condition 
of  respiration  :  this  may  be  due  to  its  stimulant  effect  on  the  centre, 
but  is  more  probably  the  result  of  paralysis  of  the  vagal  nerve- 
endings  in  the  lung  and  hence  the  rehef  of  broncho-constriction. 
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Benzaconine 

This  alkaloid  is  only  about  ^  T^th  as  toxic  as  aconitine.  It  slows 
the  heart,  especially  the  ventricular  beat,  like  aconitine,  but  differs 
from  it  in  that  it  induces  a  lethargic  condition,  and  has  no  special 
effect  on  sensory  nerve- terminations. 

ACONINE 

Aconine  is  only  i  as  toxic  as  benzaconine,  and  so,  for  practical 
purposes,  it  can  be  regarded  as  non-poisonous. 

MATERIA  MEDICA 

Aconiti  Radix. 

Preparations 

1.  Linimentum  Aconiti. 

2.  Tinctura  Aconiti. 

Dose,  5  to  15  m. 

Aconitina. 

Preparation 
Unguentum  Aconitinae. — i  in  50. 

VERATRINE 

Veratrine  is  a  mixture  of  several  alkaloids  obtained  from  Ceva- 
dilla.  Chemically  it  is  related  to  aconitine,  since  it  is  easily  decom- 
posed into  angelic  acid  and  cevine  :  the  latter  is  closely  related  to 
aconitine.  The  veratrine  of  the  Pharmacopoeia  consists  of  (i) 
veratrine,  (2)  cevadine,  (3)  cevadilline. 

Action 

(1)  An  aconitine-like  action  on  the  nervous  system. 

(2)  A  specific  action  on  all  forms  of  muscle-tissue. 
Externally  veratrine  gives  rise  to  tingling  :  this  is  followed  by  a 

sensation  of  numbness  and  coldness,  which  lasts  for  several  hours. 
If  a  mixture  of  one  part  veratrine  in  five  or  six  hundred  parts  of 
starch  is  sniffed  up  the  nostril,  it  irritates  the  nerve-endings  of 
the  fifth,  and  induces  sneezing,  coughing,  and  an  increased  flow  of 
mucus.  Formerly  it  was  used  to  fortify  snuffs.  The  local  anaes- 
thetic action  of  veratrine  has  rendered  it  useful  in  certain  forms 
of  neuralgia.  Unlike  aconitine  its  local  use  is  generally  followed 
by  some  irritation. 

On  nerve-endings  veratrine  acts  after  absorption  in  much 
the  same  way  as  aconitine.  It  induces  tingling  in  the  soft  palate 
and  pharynx,  and  reflex  salivation ;  and  if  the  drug  is  given  hypo- 
dermically  there  is  burning  pain  followed  by  numbness  at  the  seat 
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of  injection.  Salivation  and  sweating  are  both  profuse.  In  the 
frog  the  motor  nerve  endings  are  paralysed  by  big  doses,  but  it  is 
difi&cvdt  to  induce  this  effect  in  mammals. 

Upon  the  central  nervous  system  veratrine  produces  little 
effect.  Respiration  is  accelerated  at  first,  and  this  is  followed 
by  slowing  and  a  spasmodic  type  of  breathing.  The  initial  accelera- 
tion may  be  due  to  the  stimulation  of  the  sensory  endings  in  the 
lungs,  but  the  dyspnoeic  type  of  respiration  which  develops  later, 
is  due  to  broncho-constriction,  the  effect  of  the  drug  directly  on  the 
muscle-fibre  of  the  bronchioles. 

The  most  characteristic  effect  of  veratrine  is  on  muscle.  All 
forms — striped,  plain  and  cardiac — are  affected  in  much  the  same 
way,  and  the  action  consists  in  an  increased  irritability  and  a 
greater  power  of  doing  work.  On  striped  muscle  veratrine  in- 
creases the  contractility,  so  that,  with  the  same  stimulus  the 
height  of  contraction  is  greater  than  before.  To  a  muscle  suffering 
from  fatigue  it  restores  the  contractile  power.  Its  irritability  is 
so  increased  that  the  muscle  reacts  to  weaker  stimuli,  and  the  total 
work  obtainable  is  augmented.  If,  veratrine  is  injected  into  a 
mammal  or  frog  the  animal  is  still  able  to  contract  its  muscles 
with  its  accustomed  rapidit}^,  but  the  relaxation  of  these  is  so  slow 
that  it  cannot  recover  its  former  position  for  some  seconds.  These 
effects  can  be  demonstrated  on  the  isolated  muscle  of  the  frog  : 
stimulation  of  a  veratrinised  muscle  produces  a  bigger  contraction 
than  normally,  and  the  relaxation  is  long  drawn  out,  to  twenty  or 
thirty  times  the  normal,  and  usually  exhibits  slight  undulations. 
The  whole  contraction  lasts  from  five  to  ten  seconds.  This  is  not 
an  effect  on  the  central  nervous  system,  since  it  can  be  produced  in 
an  isolated  muscle  ;  nor  is  it  a  tetanus,  because  if  the  nerve  of  a 
normal  nerve-muscle  preparation  is  placed  upon  the  muscle  of  a 
second  veratrinised  nerve-muscle  preparation,  and  if  the  latter  is 
induced  to  give  one  of  its  typical  contractions,  the  normal  muscle 
produces  a  simple  twitch.  If  the  veratrine  contraction  were  a 
tetanus  the  normal  muscle  would  also  record  a  tetanus. 

We  regard  the  action  as  due  to  increased  kataboHsm.  If 
we  consider  a  simple  muscle  contraction  as  due  to  the  explosion  or 
setting  free  of  some  chemical  substance  in  the  muscle-biogen,  then 
veratrine  may  be  regarded  as  a  substance  which  increases  the 
supply  of  this  explosive  body  ;  so  that  when  a  stimulus  comes 
which  initiates  the  explosion  so  much  material  has  collected  that 
the  contraction  is  prolonged.  If  this  interpretation  be  correct,  each 
additional  stimulus  to  the  muscle  should  be  followed  by  a  quicker 
relaxation  until,  after  a  time,  the  normal  is  reached,  and  this  is  what 
occurs.  It  is  also  easy  to  explain  how  cold,  or  drugs  which  directly 
depress  muscle-fibre,  such  as  potassium,  can  act  like  fatigue  in 
antagonising  the  veratrine-effect. 

On  plain  muscle  veratrine  increases  the  tonus,  and,  to  a  less  extent, 
the  automatic  movements.    Vomiting  results  reflexlj-  from  the 
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violent  movements  obtaining  in  the  alimentary  canal.  The  stomach 
and  intestines  are  more  contracted  than  usual,  and  intense  colicky 
spasms  occur  from  time  to  time  :  the  effect  closely  resembles  that 
of  barium  and  lead,  and  is  not  analogous  to  the  true  increased 
peristalsis  characteristic  of  the  vegetable  purgatives.  Both  the 
tonus  and  peristaltic  waves  of  the  uterus  are  increased  ;  and  in  the 
pregnant  condition  abortion  may  occur.  The  bladder,  bronchioles, 
spleen,  and  all  other  forms  of  plain  muscle  are  affected  similarly. 
Veratrine  induces  intense  vaso-constriction.  The  action  is  directly  on 
the  muscle-fibre,  since  the  pulmonary  coronary  and  cerebral  vessels, 
which  contain  few  or  no  vaso-niotor  nerves,  are  constricted  during 
perfusions.  Its  action  in  this  respect  is  in  marked  contrast  to 
that  of  pilocarpine  and  adrenalin. 

The  effect  on  the  heart  may  be  studied  first  in  the  frog.  The 
systole  is  increased  not  only  in  strength  but  in  duration,  and  diastole 
is  diminished,  so  that,  as  the  action  develops,  the  tonus  of  the  ven- 
tricle becomes  greater  and  greater,  and  its  relaxation  shorter  and 
shorter,  until  at  length  the  heart  stops  in  systole  (Fig.  52).  The 
mammalian  heart  is  similarly  affected,  the  rhythm  is  at  first  slowed 
a  little,  due  to  some  medullary  effect,  but  this  soon  gives  way  to 
quickening.  The  force  of  systole  is  increased,  and  the  heart  does 
not  relax  so  perfectly  as  before.  The  total  result  of  this  on  the 
heart  is  to  increase  the  output  of  blood  per  minute.  Blood-pressure 
rises  mainly  on  account  of  the  vaso-constriction,  but  partly  because 
of  the  cardiac  effects. 

Symptoms. — Symptoms  of  poisoning  by  veratrine  are  charac- 
terised by  a  severe  burning  and  tingling  sensation  in  the  mouth, 
followed  by  numbness.  This  is  succeeded  in  about  half  an  hour 
by  pain  in  the  abdomen,  vomiting,  violent  colic,  and  sometimes 
purgation.  The  respiration  is  asthmatic  in  character,  and  the  pulse, 
at  first  slow  and  irregular,  later  becomes  considerably  quickened. 
The  prolonged  relaxation  and  fibrillary  contractions  of  the  muscles 
occasionally  form  a  typical  picture.  Generally,  death  results  from 
collapse. 

Protoveratrine,  an  alkaloid  obtained  from  Veratnim  album, 
has  not  the  characteristic  effect  on  muscle. 

MATERIA  MEDICA 
Veratrina.    Dose,      to  gr. 

Preparation 

Unguentum  Veratrinse.— i  in  50. 
Amyl  Colloid.    (Not  official.)    Amyl  hydride,  aconitine,  veratrine, 
collodion.    It  is  used  to  paint  on  tender  spots  in  neuralgias. 
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Stavesacre  seeds  are  the  dried  seeds  of  Delphinium  siaphisafria. 
They  contain  four  alkaloids,  delphinine  and  staphisagrine  being  the 
most  important.    About  27  per  cent,  of  fixed  oil  is  also  present. 

Delphinine  acts  in  the  same  way  as  aconitine,  and  is  about 
equally  toxic.  When  it  is  rubbed  into  the  skin  over  painful  cuta- 
neous nervesj.  it  produces  first  tinghng  and  later  numbness,  and 
reheves  the  pain.  It  is  therefore  sometimes  employed  as  an 
ointment  in  neuralgias.  The  ointment  is  principally  used  to  destroy 
the  pediculi  of  the  head  ;  the  official  preparation  does  this  with 
safety. 

Internally  delphinine  acts  on  the  respiration  axid  heart  like 
aconitine,  and  was  employed  at  one  time  as  an  emetic  and  vermi- 
fuge. Staphisagrine  acts  like  curare,  and  so  tends  to  antagonise 
the  fibrillary  contractions  produced  by  delphinine. 

MATERIA  MEDICA 

Staphisagriae  Semina. 

Preparation 

Unguentum  Staphisagriae. — Crushed  seeds,  yellow  beeswax,  ben- 
zoated  lard. 
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DRUGS  ALTERING  THE  CALIBRE  OF  THE  VESSELS 

Vaso-constrictors. — The  plain  muscle  of  the  blood-vessels  can  be 
affected  b}'  drugs  in  the  same  way  as  any  other  plain  muscle.  The 
vessels  which  are  especially  liable  to  alterations  in  cahbre  are  the 
small  arterioles  ;  the  larger  arterioles,  the  veins  and  the  capillaries 
undergo  but  little  change.  The  arterioles  are  always  in  a  condition 
of  some  tonus,  which  is  partly  the  result  of  central  activity  and 
is  partly  peripheral. 

Vaso-constriction  may  be  brought  about  in  one  of  the  following 
manners  : — 

(1)  Stimulation  of  the  centre  in  the  medulla,  [a)  Refiexly  by 
stimulation  of  any  sensory  nerve  (bhsters).  (6)  Excess  of  CO,  in 
the  blood  (asphyxia),  (c)  Drugs  :  strychnine,  ammonia,  caffeine, 
atropine,  cocaine,  digitalis,  aconitine,  prussic  acid,  &c. 

(2)  Stimulation  of  sympathetic  nerve-cells: — Nicotine,  coniine, 
lobeline,  sphacelotoxin.  The  stimulation  in  the  case  of  the  first 
three  is  only  transient,  the  ultimate  effect  being  depression. 

(3)  Stimulation  of  the  peripheral  nervous  mechanism : — Adrenalin. 

(4)  Direct  action  on  plain  muscle : — Digitalis,  barium,  veratrine. 
The  arterioles  in  various  organs  of  the  body  contain  relatively 

different  amounts  of  muscle,  and  also  differ  in  their  innervation, 
and  in  correlation  with  this  fact  one  would  not  expect  them  to  be 
all  affected  in  quite  the  same  way  by  drugs.  Thus,  the  splanchnic 
vessels  are  well  supplied  with  both  nerves  and  muscles,  and  are 
capable  of  greater  alterations  in  volume  than  other  vessels  in  the 
body,  so  that  the  injection  of  such  a  drug  as  adrenalin,  which 
produces  intense  constriction  of  these  vessels  and  a  big  rise  in  blood- 
pressure,  may  actually  dilate  the  limb  vessels  by  the  increased 
pressure,  in  spite  of  their  own  tendency  to  contract  with  the  stimu- 
lation of  the  drug.  The  lung  and  brain  vessels  contain  no  vaso- 
motor nerves,  and  are  but  poorly  supplied  with  muscle,  so  that 
in  whatever  way  blood- pressure  is  raised,  these  organs  behave 
passively  and  dilate. 

The  effects  of  vaso-constriction  of  peripheral  origin,  will,  there- 
fore, be  : — (i)  A  rise  in  general  blood-pressure  ;  (2)  congestion 
of  the  lung  and  brain  vessels  ;  (3)  slowing  of  the  heart  from  reflex 
stimulation  of  the  medulla  ;  (4)  some  stimulation  of  respiration. 
Such    drugs  would    obviously  be    indicated  in    "shock"  and 
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"  collapse,"  and  in  narcotic  poisoning  where  the  blood-i^ressure  is 
low  from  depression  of  the  vaso-motor  centre. 

Vaso-dilators  are  drugs  used  to  dilate  the  peripheral  arterioles. 
They  act  in  one  of  three  ways  : — 

(i)  By  depression  of  the  vaso-motor  centre  in  the  medulla,  e.g., 
narcotics,  chloral,  &c  ;  (2)  by  depression  of  sympathetic  nerve- 
cells  :  apocodeine,  codeine,  apomorphine,  conine,  nicotine  ;  (3) 
by  depression  of  plain  muscle  :  nitrites  and  organic  nitrates. 

When  an  organ  enters  into  a  state  of  activity  its  blood-supply 
is  increased  :  the  mechanism  by  which  this  is  brought  about  may 
be  either  reflex  or  due  to  metabolic  products  liberated  during  the 
activity  of  the  organ.  If  the  dilatation  is  at  all  extensive  blood- 
pressure  tends  to  fall,  and  this  reflexly  causes  certain  vessels  else- 
where to  constrict,  and  the  heart  to  beat  more  rapidly.  For 
example,  we  know  that  the  abdominal  vessels  dilate  during 
digestion,  and  this  is  associated  with  vaso-constriction  of  the  skin- 
vessels. 

We  have  noted  already  that  stimulation  of  any  sensory  nerves, 
such,  for  example,  as  may  be  affected  by  a  blister,  increases  the 
blood-pressure  mainly  by  vaso-constriction,  and  accelerates  the 
heart.  This  blood  must  find  a  haven  somewhere,  some  of  it  may 
pass  to  the  limbs,  but  the  bulk  tends  to  fill  the  veins  and  the  vessels 
of  the  lungs  and  liver. 

If  a  sensory  stimulus  is  very  prolonged  and  intense,  and  more 
especially  if  it  is  visceral  in  origin  (such  as  may  be  brought  about 
by  a  drug  which  produces  gastro-enteritis),  then  enormous  vaso- 
dilatation is  produced,  especially  in  the  splanchnic  area.  Prac- 
tically all  the  blood  goes  to  the  abdomen,  the  blood-pressure  falls 
very  low,  and,  although  the  heart  may  be  acting  well,  it  beats  to  no 
purpose.  This  condition  we  speak  of  as  collapse,  and  it  is  probably 
identical  with  surgical  shock. 

The  drugs  especiall}/ .  used  in  medicine  to  lower  pressure  are 
the  following  : — 

Amyl  Nitrite,  obtained  by  the  action  of  nitrous  acid  on  amyl  alcohol, 
and  distilled  at  about  130°  C,  is  a  yellowish  ethereal  liquid  composed 
of  a  mixture  of  nitrites,  in  wliich  iso-amyl  nitrite  largely  pi^eponderates. 
It  is  almost  insoluble  in  water,  and  deteriorates  on  exposure  to  air. 
The  drug  is  contained  in  glass  capsules,  which  can  be  crushed  in  a  hand- 
kerchief when  required. 

Sodium  nitrite,  NaNO„,  a  deliquescent  powder  very  soluble  in  water, 
obtained  by  fusing  sodium  nitrate  with  metallic  lead,  and  hence  it  often 
contains  a  trace  of  lead. 

Nitroglycerin  C.,Hj(N03)3,  is  a  nitrate,  but  is  readily  converted  into 
nitrite  in  the  body. 

Liquor  trinitrini,  a  i  per  cent,  solution  of  nitroglycerin  in  strong 
alcohol.  When  mixed  witli  more  than  its  own  volume  of  water  opa- 
lescence should  appear  (precipitation  of  nitroglycerin)  ;  this  forms 
a  rough  test  as  to  the  quantity  of  the  drug  present. 

N 


194  A  MANUAL  OF  PHARMACOLOGY 

Liquor  ethyl  nitritis,  ca  3  per  cent,  (or  not  less  than  2.5)  solution 
of  CjHj.NO,,  dissolved  in  a  mixture  of  95  parts  absolute  alcohol  and  5 
parts  of  glycerin. 

Spiritus  Etheris  nitrosi  (sweet  spirits  of  nitre)  is  a  limpid  famtly  yeUow 
inflammable  liquid.    It  is  an  alcohoHc  solution  containing  C^H^NO.,, 

CH.,.COH  and  small 
amounts  of  other  sub- 
stances. Ethyl  ni- 
trite must  be  present 
from  1.75  to  2.5  per 
cent. 

Erythrol  tetrani- 

trate,  soluble  in  1  in 
50  absolute  alcohol. 

ACTION  OF  NI- 
TRITES IN 
GENERAL 
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Plain    Muscle. — 

The  principal  action 
of  the  nitrites  is  on 
every  kind  of  plain 
muscle  throughout 
the  body,  which  be- 
comes  gi-adually 
paralysed  ;  this  ac- 
tion is  most  strongly 
marked  on  the 
blood-vessels.  If  a 
saline  solution  con- 
taining I  in  10,000 
of  sodium  nitrite  is 
perfused  through  the 
vessels  of  a  tortoise, 
the  outflow  from  the 
vein  is  increased  by 
nearly  20  per  cent., 
and  I  in  1000  parts 
perfused  through  a 
sheep's  kidney 
doubles  or  trebles 
the  flow.  This  effect, 
which  is  produced  by  all  nitrites,  must  be  located  either  on  the 
peripheral  nervous  mechanism  or  on  the  muscle.  The  effect  is 
upon  the  plain  muscle  directlv,  because  the  lung-vessels  markedly 
dilate  when  artificially  perfused,  and  these  contain  no  vaso-motor 
nerves  (Figs.  53  and  55). 

Other  forms  of  plain  muscle  also  relax,  and  this  can  be  readily 


^  ^  f  7^ 

°  3  o  " 

-a  aj  rt 

^  </>  o. 

«  o 

"  o 


£  O  rt 


ACTION  OF  NITRITES 


195 


shown  in  the  case  of  the  ureter,  intestines  and  bronchioles,  but  the 
effect  is  never  so  decided  as  that  on  the  vessels.  Nitrites  are,  there- 
fore, employed  in  spasmodic  conditions  of  plain  muscle,  as,  for 
example,  in  asthma,  hepatic  cohc,  and  renal  cohc. 

Striped  muscle  is  similarly  affected  by  nitrites,  but  to  a  lesser 
degree  than  the  plain.  The  contractility  and  vitality  of  a  frog's 
gastrocnemius  is  rapidly  impaired  by  a  solution  of  i  in  5000  sodium 
nitrite,  and,  after  about  two  hours  emersion,  it  no  longer  responds 
to  electricity.  The  effect  is  directly  on  the  muscle,  for  excitation 
of  the  nerve  will  always  give  as  good  a  contraction  as  chrect  stimu- 
lation of  the  muscle. 

Circulation.  —  The  blood-pressure  falls  very  decidedly,  and 
entirely  as  a  result  of  the  vaso-dilatation.    If  a  drop  or  two  of  amyl 


Fig.  54. — Sphygmogkapii  Tracing  from  a  Man. 

I  =  nornial.  II  =  after  an  inhalation  of  amyl  nitrite.  The  heart-beat  is  quicker, 
and  blood-pressure  is  lower.  Note  the  pronounced  character  of  the  dichrotic  notch.  The 
time  tracing  is  the  same  throughout. 


nitrite  be  inhaled  by  a  man,  in  a  few  seconds  the  face  flushes,  the 
carotids  throb,  the  heart  beats  more  rapidly,  and  there  is  a  feeling 
of  fulness  and  throbbing  in  the  head  (Fig.  54).  Larger  inhalations 
produce  giddiness  and  stupor.  On  the  skin  the  vaso-dilatation  is 
most  noticeable  over  the  "  blush  area,"  an  area  which  has  a  special 
innervation  :  atropine  and  other  drugs  may  decidedly  dilate  the 
vessels  of  this  area  without  greatly  affecting  those  of  the  rest  of 
the  skin. 

It  was  considered  formerly  that  some  of  the  vaso-dilatation 
was  due  to  depression  of  the  medulla,  but  this  is  not  probable 
in  view  of  the  fact  that  amyl  nitrite  injected  up  one  carotid  directly 
into  the  brain  stimulates  the  medulla  and  produces  a  rise  in  blood- 
pressure.  Such  depression  of  the  medulla  as  occurs  is  the  result 
and  not  the  cause  of  the  fall  in  blood-pressure.  The  vaso-dilatation 
affects  both  the  arterioles  and  also,  though  to  a  much  smaller  degree, 
the  veins  ;  the  blood  is  stored  up  mainly  in  the  splanchnic  area.  , 


196 


A  MANUAL  OF  PHARMACOLOGY 


Heart. — The  nitrites  quicken  the  heart.  This  effect  is  caused 
by  the  fall  in  blood-pressure  whereby  the  normal  tonic  influences 
of  the  medulla  are  diminished.  The  effect  is  just  the  reverse  of 
that  which  obtains  when  the  blood-pressure  is  raised  :  in  this  case 
the  heart  is  slowed  by  the  stimulation  of  the  meduUa  resulting 
from  the  increased  pressure. 

If  the  vaso-dilatation  is  sudden,  as  after  an  inhalation  of  amyl 
nitrite,  the  heart  may  be  quickened  by  twenty  or  thirty  beats  per 
minute  ;  the  reflexes  from  the  vessels  and  the  physical  effects  will 
aid  in  this  acceleration. 

If  the  isolated  frog's  heart  be  perfused  with  a  0.0001  per 
cent,  solution  of  nitrite  it  becomes  quicker  and  slightly  weaker, 
but  there  is  no  other  effect.  The  heart  of  the  mammal  is  not 
influenced  directly  by  medicinal  doses  of  the  nitrites.  But  larger 
doses  weaken  the  beat  and  diminish  the  output  by  depressing 
cardiac  muscle  in  much  the  same  way  as  any  ordinary  plain 
muscle.  Therefore,  nitrites  in  small  medicinal  doses  only  affect 
the  heart  indirectly  through  the  physical  alterations  of  the  cir- 
culation. 

Blood. — If  sodium  nitrite  is  mixed  with  blood  outside  the  body 
in  the  proportion  of  i  to  10,000,  in  a  few  hours  methaemoglobin 
appears,  and  if  the  proportion  is  i  in  1000,  methaemoglobin  appears 
in  two  or  three  minutes  (Fig.  68).  In  man  very  little  of  the  oxyhse- 
moglobin  can  be  so  transformed,  because,  even  after  excessive 
or  poisonous  doses  of  nitrites  have  been  administered,  the  spec- 
troscope shows  no  evidence  of  methsmoglobin.  The  blood-cor- 
puscles are  not  destroyed  as  they  are  with  most  other  methaemo- 
globin formers,  and  the  methaemoglobin  is  gradually  re-converted  to 
oxyhsemoglobin  by  contact  with  the  tissues. 

The  significance  of  the  production  of  methaemoglobin  in  any 
considerable  amount  depends  on  its  inabihty  to  act  as  an  oxygen- 
carrier,  and  so  in  the  living  animal  cyanosis  and  asphyxia  occur. 
But  there  is  no  fear  of  any  such  action  when  the  nitrites  ai^e  used 
medicinally. 

Other  Effects.  —  Moderate  doses  slightly  increase  both  the 
secretion  of  sweat  and  urine  owing  to  vascular  changes  ;  the  dilata- 
tion of  the  skin-vessels  is  also  responsible  for  a  small  fall  in  tem- 
perature by  facilitating  the  heat  loss.  Respiration  becomes  sHghtly 
quicker  and  deeper,  especially  in  the  rabbit  (Fig.  55). 

Excessive  doses  given  by  the  stomach  upset  digestion,  and, 
after  absorption,  may  produce  asphyxial  convulsions.  The  con- 
fusion and  affection  of  sight  are  the  result  of  circulatory  changes 
in  the  brain  and  eye  respectively. 

Excretion.  —  Nitrites  undergo  partial  oxidation,  and  appear 
in  the  urine  both  as  nitrates  and  nitrites,  but  the  amount  excreted 
does  not  equal  the  amount  absorbed,  so  that  some  is  apparently  still 
further  broken  up :  amyl  nitrite  is  excreted  in  the  same  way, 
the  amyl  radicle  being  completely  absorbed. 
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Differences   in   Action   of  the   Members  of  this    Series.  — 

The  difference  in  action  between  the  various  members  of  this 
group  is  de])endent  on  rate  of  absorption  and  the  ease  with  which 
nitrite  is  set  free  in  the  blood.  Amyl  nUriie,  when  inhaled,  is 
absorbed  almost  immediately  by  the  great  area  of  lung-vessels 
and  its  action  is  correspondingly  quick,  but  it  rapidly  passes  off 
as  the  nitrite  is  either  excreted  or  oxidised  to  nitrate.  By  the 
stomach  it  is  much  less  active,  as  nitrous  acid  is  formed  which 
decomposes  immediately.  When  injected  it  also  acts  more  slowly 
than  by  inhalation,  and  produces  glycosuria. 

Sodium  nitrite  is  administered  by  the  mouth,  and  therefore 
acts  more  slowly  than  amyl  nitrite,  but  the  effect  lasts  much  longer. 
A  Httle  of  it  is  converted  to  nitrous  acid  (HNO.^)  in  the  stomach, 
and  gives  rise  to  gastric  irritation  :   this  prohibits  its  general  use. 


REDUCTION  OF 
PULSE  TENSION 


LINE  OF  NORMAL 
TENSION 


Fig.  56. — Diagrammatic  Representation  of  the  Condition  of 
THE  Vessels  after  the  Exhibition  of  various  Nitrites. 

The  ordinate  represents  degree  of  dilatation,  and  the  abscissae,  time  in  minutes,  i  shows 
the  efifect  of  an  inhalation  of  amyl  nitrite — the  effect  is  intense  but  transitory.  2  shows 
the  effect  of  nitroglycerin,  3  of  sodium  nitrite,  and  4  of  erythrol  tetranitrate.  The  last  body 
is  so  slowly  absorbed  into  the  system  that  the  effect  is  prolonged  over  a  long  time.  The 
degree  of  vaso-dilatation  was  gauged  by  the  fall  in  blood-pressure  (Bradbury). 

After  injection  into  a  vein,  50  per  cent,  can  be  recovered  from  the 
urine  ;  the  rest  is  mainly  oxidised  to  nitrate. 

fN03 

Liquor  trinitrini  (nitroglycerin),  C3H  J  NO3,  is  a  nitrate.  When 

INO3 

administered  by  the  mouth  it  has  a  very  rapid  action,  beginning 
almost  immediately ;  the  vessels  reach  their  maximum  dilatation 
in  four  or  five  minutes,  and  the  main  effect  is  over  in  twenty  minutes. 
It  is  absorbed  unaltered  by  the  stomach,  and  is  supposed  to  be  de- 
composed within  the  ])ody  to  nitrite.  Even  -^^-^  gr.  produces 
marked  dilatation  of  vessels,  but  enormous  doses  may  be  taken 
without  serious  harm. 

Liqttor  ethyl  nitritis  has  an  action  much  tlie  same  as  that  of 
sodium  nitrite. 

Spiritus  elheris  nilrosi  contains  about  2  per  cent,  ethyl  nitrite. 
It  is  largely  u.sed  as  a  mild  diaphoretic  and  diuretic. 
Erythrol  tetra-nitrate  (not  official)  is  a  very  insoluble  substance, 
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and  is  alisorbed  very  slowly  ;  therefore,  a  mild  dilatation  over  a 
prolonged  period  is  obtained.  The  maximum  dilatation  occurs  in 
from  two  to  three  hours. 

MATERIA  MEDICA 

Amyl  Nitris.    Dose,  2  to  5  m.  as  an  inhalation. 
Nitroglycerin.    Dose,        to  Jj^  gr. 

Preparations 

1.  Liquor  Trinitrini. — i  per  cent. 

Dose,  J-  to  2  m. 

2.  Tabellae  Trinitrini. — Nitroglycerin,  yi^  gr. 

Dose,  I  or  2  tablets. 

Sodii  Nitris.    Dose,  i  to  2  grs. 

Liquor  Ethyl  Nitritis.    Dose,  20  to  60  m. 

Spiritus  Etheris  Nitrosi.  Dose,  20  to  40  m.  for  repeated,  or  60  to  90  m. 
for  single. 

Erythrol  Nitras,    (Not  official.)    Dose,  |-  to  i  gr. 

BARIUM 

Barium  is  a  powerful  poison,  having  a  special  affinity  for  all 
forms  of  muscle.    As  soon  as  this  drug  comes  in  contact  with 


Fig.  57. — Frog  (Pithed).    Movements  of  the  Heart  and  Stomach. 

The  stomach  was  filled  with  water  and  connected  to  a  manometer,  the  movements  of  the  fluid 
in  which  are  here  recorded  ;  so  that  when  the  stomach  contracts  the  fluid  rises  in  the  mano- 
meter and  the  record  goes  up.  At  the  X  BaCl2  was  injected  into  the  hepatic  vein.  The 
iieart  is  shown  to  die  in  systole.  The  stomach,  which  before  injection  showed  no  move- 
ments, enters  into  tonic  contraction  and  a  series  of  waves  is  produced.    Time  =  sees. 

muscle-fibre,  whether  it  be  by  direct  application  or  through  the 
circulation,  it  throws  the  mu.scle  into  tonic  contraction  ;  and  so 
constant  is  this  effect  that  barium  can  be  employed  as  a  test  for  the 
presence  of  muscle-fibre  in  a  tis.sue. 
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When  barium  chloride  is  taken  b}'  the  moutli  it  produces  violent 
colicky  pains,  nausea,  vomiting  and  diarrhoea,  all  these  effects  being 
due  to  the  action  of  the  drug  on  the  plain  muscle  of  the  gut.  It 
penetrates  the  epithelium  of  the  alimentary  canal,  and  like  calcium 
is  absorbed  very  slowly.  Death  is  caused  by  paralysis  of  the  central 
nervous  system,  and  is  preceded  by  violent  tonic  and  clonic  con- 
vulsions. The  best  antidote  to  use  in  cases  of  poisoning  is  sodium 
sulphate,  which  forms  the  insoluble  barium  sulphate. 


Fig.  58. — Cat.    Cardiometer  and  B.-P. 

At  A  a  small  injection  of  barium  was  made  into  a  vein.  Systole  was  increased,  the  car- 
diac output  was  augmented,  and  diastole  incomplete,  that  is,  the  tonus  of  the  heart-muscle 
greater  than  normal.  Blood-pressure  rose  both  from  the  cardiac  effect  and  vaso-constriction. 
Time  =  sees.    (cf.  with  Fi4.  44.)    Dose  of  Ba  CI2  =  o'oo25  grni. 


Voluntary  muscle  is  affected  by  barium  salts  in  the  same 
way  as  by  veratrine  ;  the  height  of  contraction  in  response  to  a 
single  induction  shock  is  increased,  and  the  relaxation  is  long 
drawn  out.  Like  veratrine,  the  bai-ium  effect  can  be  antagonised 
by  cold,  fatigue,  or  the  K  ion.    {See  "  Veratrine.") 

Plain  muscle  throughout  the  body  passes  into  tonic  con- 
traction. The  gut  is  thrown  into  violent  constriction  rings,  which 
slowly  relax  to  be  succeeded  by  others.  This  is  a  purely  muscular 
effect,  and  has  no  relation  to  peristalsis  (Fig.  57).  The  bladder, 
the  uterus,  and  all  other  plain  muscle  in  the  body,  are  similarly  thrown 
into  tonic  contraction.    The  blood-vessels  become  greatly  con- 
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stncted,  and  if  a  solution  of  BaCl^  is  perfused  through  tlie  vessels 
of  the  lungs  or  brain,  these  also  decidedly  constrict,  although  they 
contain  practically  no  vaso-motor  nerve-endings.  It  should  be 
noted  in  contrast  to  this  effect  that  drugs  Hke  pilocarpine  and 
suprarenal  extract,  which  produce  their  effects  by  stimulating  the 
vaso-motor  nerve-endings,  produce  no  constriction  of  these  vessels. 

Barium  gives  rise  to  a  great  and  very  permanent  increase  of 
blood-pressure  ;  it  differs  from  a  rise  of  nervous  origin  (whether 
central  or  peripheral)  in  that  (i)  it  is  developed  more  slowly ;  (2) 
when  once  produced  it  is  much  more  permanent.  These  charac- 
teristics obtain  for  all  increases  of  blood-pressure  of  peripheral 
muscular  origin  (Fig.  58). 

Cardiac  Muscle. — The  heart  is  affected  in  much  the  same  way  as 
other  muscle.    In  the  frog  the  ventricular  systole  is  at  first  stronger 


Fig.  59. — Rabbit's  Heart  Perfused  with  Ringer's  Solution. 

At  A  a  solution  of  i  in  200  barium  chloride  was  given  and  death  occurred  in  systole. 

and  more  prolonged,  and  the  relaxation  becomes  less  and  less, 
so  that  the  heart  ultimately  stops  in  systole.  The  effect  is  very 
similar  to  that  shown  in  Fig.  52.  In  mammals,  in  medicinal  doses, 
the  ventricular  systole  is  more  complete,  but  the  relaxation  is  less 
(Fig.  58).  The  rate  of  beat  is  increased.  The  action  of  barium, 
therefore,  resembles  digitalis  so  far  as  its  action  on  muscle  is  con- 
cerned, but  differs  from  it  in  that  there  is  no  vagal  effect  which 
would  tend  to  slow  the  rhythm  and  increase  the  extent  of  diastole. 
A  large  dose  of  barium  constricts  the  coronary  vessels  and  causes 
the  mammalian  heart  to  stop  in  systole  (Fig.  59). 

Excretion  is  much  the  same  as  with  calcium.  Barium  is 
mostly  excreted  by  the  gut,  but  it  is  found  to  a  small  extent  in  the 
urine.  After  death  some  of  the  barium  is  found  stored  in  the 
bones. 
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MATERIA  MEDICA 
Barii  Chloridum.    (Not  official.)    Dose,  i  to  2  grs. 

Action  of  Drugs  on  Striped  Muscle 

It  is  convenient  at  this  point  to  dassify  the  drugs  acting  on 
striped  muscle : — 

(1)  There  are  those  which  diminish  the  power  of  the  muscle 
to  do  work,  and  usually  also  the  muscle-irritability.  This  effect 
can  be  obtained  by  such  drugs  as  quinine,  alcohol,  chloral,  chloro- 
form, potassium,  hthium  and  ammonium.  In  the  hving  mammal 
they  are  not  of  much  significance,  since  this  effect  is  always  over- 
shadowed by  other  actions. 

(2)  There  are  those  which  increase  the  power  of  the  muscle  for 
doing  work,  such  as  the  purine  derivatives,  veratrine  and  barium. 
This  group  is  more  important  than  the  former,  since  these  effects  can 
be  determined  in  the  living  animal.  Some  of  these  drugs,  such  as 
veratrine  and  barium,  increase  the  contraction  curve,  as  we  have 
already  seen;  but  this,  effect  is  only  observed  after  poisonous  doses, 
and  can  be  obtained  equally  well  with  a  host  of  other  drugs  which, 
administered  in  medicinal  doses,  produce  no  effect  on  muscle. 
As  examples  of  other  drugs  which  produce  this  veratrine-hke  action 
we  may  cite  calcium,  digitahs,  squill,  oxj/colchicine,  glycerin,  and 
even  normal  saHne  solution  made  up  with  distilled  water,  i.e., 
containing  no  calcium  salts. 

(3)  The  third  group  consists  of  drugs  which  increase  the  irrita- 
bihty  of  muscle.  Physostigmine,  and  perhaps  aconitine,  are 
the  only  members  of  this  group  with  which  we  are  acquainted, 
eind  they  find  no  use  for  this  purpose  in  therapeutics. 

Many  other  drugs  in  large  quantities  affect  muscle  when  applied 
directly,  but  they  have  no  such  action  when  given  by  the  mouth. 
Thus,  copper,  zinc,  saponins,  lead,  emetine  and  cocaine  all  produce 
depression  and  death  of  muscle-fibre  on  direct  application,  but  in 
the  dosage  in  which  they  can  be  used  in  medicine,  they  have  not 
this  effect. 


CHAPTER  XIV 


ERGOT 

Ergot  is  the  compact  mycelium  of  tlie  fungus  Claviceps  pttrpurea, 
which  develops  in  the  ovary  of  the  rye.  It  is  not  only  an  important 
remedy  in  practical  medicine,  but  wide-spread  epidemics  of  disease 
have  resulted  from  eating  bread  made  of  rye  which  has  been  infected 
with  the  fungus. 

The  chemistry  of  ergot  is  very  unsatisfactory,  and  the  active 
ingredients  have  not  yet  been  obtained  in  a  pure  state,  and  such 
substances  as  have  been  prepared  are  unstable  and  very  liable 
to  decomposition.  We  may  speak  with  tolerable  certainty  of 
three  bodies. 

(1)  Ergotinic  acid  is  a  very  hygi-oscopic  nitrogenous  glucoside, 
said  to  be  present  in  amounts  varying  from  i  to  3  per  cent.  It  is 
easily  decomposed  by  either  chemical  or  bacteiial  influences,  and  is 
destroyed  during  digestion. 

(2)  Cornutine  is  not  a  pure  substance,  but  is  probably  a  mixture 
of  alkaloids  which  possess  weak  basic  properties.  Under  i  per  cent, 
is  present  in  crude  ergot.  Like  other  alkaloids  cornutine  is  soluble 
in  alcohol,  and  its  salts  are  soluble  in  water.  It  is  stated  that  it  is 
not  found  in  all  specimens  of  fresh  ergot. 

(3)  Sphacelotoxin  is  a  nitrogen-free  resin  which  enters  into 
chemical  combination  with  the  other  constituents  of  ergot.  Chryso- 
toxin  is  one  such  body,  in  which  combination  is  affected  with  an 
inactive  substance.  Sphacelotoxin  must  not  be  regarded  as  a  pure 
substance  :  all  attempts  to  purify  it  have  so  far  only  resulted  in  its 
decomposition.    It  is  soluble  in  alcohol  but  insoluble  in  water. 

Other  constituents  of  ergot  are  a  fixed  oil,  up  to  33  per  cent., 
choline  and  allied  substances,  proteids  and  lecithin.  The  term 
ergotin  is  usually  applied  to  the  purified  extract,  and  not  to  any 
definite  proximate  principle. 

It  is  not  advisable  in  the  present  state  of  knowledge  to  use 
these  impure  principles  :  first,  because  it  is  impossible  to  standardise 
them  chemically ;  and,  secondly,  because  they  so  easily  decompose. 
The  only  safe  plan  is  to  administer  a  properly  standardised  j^re- 
paration  of  the  crude  drug  ;  and  this  standardisation  must  be 
l)hysiological. 

Nevertheless,  before  describing  the  action  of  ergot  as  a  whole, 
it  will  l)e  advantageous  to  examine  the  action  of  each  constituent. 
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and,  if  ])os.sible,  give  to  it  its  jiioper  j^lace  when  considering  the 
action  of  tlie  crude  drug.  • 

Action 

Ergotinic  acid  is  a  saponin,  and  possesses  all  the  properties 
characteristic  of  the  group.  It  is  destroyed  during  digestion  and, 
like  other  saponins,  is  not  absorbed  ;  its  only  action  when  taken  by 
the  mouth  is  to  produce  some  gastric  irritation.  If  a  poisonous 
close  of  ergotinic  acid  is  injected  subcutaneously  it  produces  a 
typical  sapotoxin-action,  shown  by  the  marked  depression  of  the 
central  nervous  system  with  all  the  secondary  results  of  depression, 
and  followed  by  complete  motor  and  sensory  paralysis.  Prepara- 
tions of  ergot  for  injection  should,  therefore,  be  freed  from 
ergotinic  acid. 

Cornutine  excites  certain  parts  of  the  central  nervous  system, 
particularly  the  medulla,  and  on  this  its  whole  action  depends. 
As  a  result  of  the  medullary  stimulation  the  heart-beat  is  slowed, 
and  this  effect  is  central  in  origin,  because  the  cardiac  rhythm  is 
unaltered  if  the  medulla  is  cut  off  from  the  heart  by  section  of  the 
vagi  :  the  respiration  is  quicker  and  deeper  and  the  arterioles 
constrict ;  as  a  further  result  of  the  latter  effect  blood-pressure 
rises.  The  vaso-constriction  is  certainly  central,  since  cornutine 
induces  no  vaso-constriction  of  the  intestinal  vessels  if  the  splanchnic 
nerves  are  severed.  The  normal  peristaltic  movements  of  the 
stomach,  intestines  and  uterus  are  exaggerated,  but  if  the  organs 
are  isolated  and  perfused  with  blood  artificially,  there  is  no  alteration 
in  the  movements,  from  which  it  is  evident  that  the  augmented 
movements  are  not  peripheral  in  origin. 

If  cornutine  is  administered  in  large  doses  salivation,  vomiting, 
purging,  restlessness  and  convulsions  ensue,  all  of  which  symptoms 
probably  arise  centrally.  The  convulsions  are  produced  by  stimu- 
lation of  the  medulla  and  cord,  but  especially  the  medulla,  since 
in  the  frog  they  cease  when  the  medulla  is  destroyed. 

Formerly  it  was  believed  that  cornutine  directly  attacked 
muscle,  and  the  evidence  given  in  favour  of  this  speculation  con- 
sisted of  the  isolated  fact  that  the  drug  prolonged  the  relaxation 
time  of  the  muscle-twitch  of  the  frog's  gastrocnemius,  somewhat 
in  the  same  way  as  veratrine  and  barium,  though  not  to  the  same 
degree  :  it  has  no  action  on  the  frog's  heart.  This  isolated  fact 
cannot  be  accepted  as  evidence,  for  many  substances,  which  certainly 
do  not  act  on  muscle,  produce  a  similar  prolongation  of  the  muscle 
curve  :  such  are  adrenalin,  glycerin,  oxycolchicine  and  others. 

Cornutine,  then,  exerts  its  action  entirely  through  the  central 
nervous  system. 

Sphacelotoxin  is  the  active  constituent  of  ergot,  which, 
according  to  Jacobi,  induces  gangrene,  although  Kobert  is  equally 
certain  that  it  is  the  cornutine  which  produces  this  effect.  Sphace- 
lotoxin increases  the  tonus  and  peristaltic  movements  of  most  plain 
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muscle  throughout  the  body.  This  effect  is  particularly  marked 
on  the  vessels  ;  these  become  intensely  constricted,  and  stasis  occurs 
in  parts  of  the  peripheral  circulation.  The  vaso-constriction  is 
associated  with  the  pouring  out  of  a  hyaline  substance,  which 
more  or  less  completely  blocks  up  the  smaller  vessels  and  results  in 
peripheral  gangrene  :  the  walls  of  the  larger  arteries  thicken  and 
the  lumen  is  diminished.  In  some  animals,  including  man,  gangrene 
of  certain  peripheral  parts  of  the  body  results  from  this  hmitation 
of  the  blood-supply.  In  man  the  nose,  ears,  fingers  and  toes  are 
affected  first ;  in  hogs  the  tips  of  the  ears  become  black  and  fall  off, 
and  the  skin  sometimes  shows  local  patches  of  gan,gi-ene  as  a  pustular 
eruption.  In  fowls  the  gangrene  is  very  easy  to  observe,  and  first 
affects  the  comb  and  wattles.  Ecchymoses  and  ulceration  of  the 
ahmentary  canal,  the  result  of  vascular  stasis,  have  also  been 
observed  in  animals. 

Other  plain  muscle  is  similarly  affected,  thus  the  movements  of 
the  ahmentary  canal  are  augmented,  the  uterus  is  thrown  into 
tonic  contraction,  and,  if  gravid,  abortion  may  be  induced.  The 
output  of  blood  from  the  heart  is  increased  on  account  of  the  aug- 
mented force  of  the  cardiac  contractions,  and  this  also  serves  to 
raise  blood-pressure.  Sphacelotoxin  depresses  the  central  nervous 
system,  and  in  large  amounts  produces  complete  paralysis. 

The  action  of  sphacelotoxin  corresponds  to  an  excitation  of  the 
cranial  and  sacral  autonomic,  and  also  of  the  true  sympathetic 
nerve-supply  to  all  organs  containing  plain  muscle.  The  drug 
certainly  does  not  act  at  the  periphery,  because  its  direct  apphcation 
to  an  isolated  tissue  does  not  induce  the  typical  effect  ;  for  example, 
no  constriction  results  from  its  perfusion  through  isolated  vessels. 
The  effect  of  sphacelotoxin  is  not  essentially  changed  by  destruction 
of  the  brain  and  cord,  but  it  is  entirely  abolished  by  a  dose  of  nicotine, 
apocodeine,  or  other  drug,  which  paralyses  sympathetic  nerve-cells. 
In  other  words,  after  such  a  dose  of  nicotine,  sphacelotoxin  produces 
no  rise  of  blood-pressure  and  no  increased  movements  of  plain 
muscle  generally.  Adrenalin  and  pilocarpine,  which  act  more 
peripherally  than  the  ergot,  still  induce  their  typical  reactions, 
so  that  the  action  is  on  the  ganglion  cells. 

Action  of  Ergot  as  a  Whole. — Ergot  is  very  readily  ab- 
sorbed, and  on  reaching  the  blood,  exerts  its  specific  effects  on  the 
plain  muscle,  directly  or  indirectly,  throughout  the  body. 

The  peripheral  arterioles  undergo  a  prolonged  constriction : 
this  may  be  due  partly  to  the  effect  of  the  sphacelotoxin  on 
ganglion  cells,  as  well  as  to  the  excitation  of  the  vaso-motor  centre 
in  the  medulla  brought  about  by  the  cornutine.  If  ergot,  even 
that  of  the  most  active  kind,  is  artificially  perfused  through  mam- 
malian organs,  the  ve.ssels  do  not  constrict  unless  the  percentage  of 
drug  ])resent  is  unduly  large  ;  indeed,  small  amounts  rather  tend 
to  dilatation.  Vaso-constriction  is,  therefore,  central  and  not 
peripheral  in  origin  (Fig.  60). 
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The  heart,  contrary  to  what  is  generally  stated,  is  decidedly 
and  directly  influenced  by  ergot  :  it  beats  more  vigorously,  its 
systole  is  more  complete,  and  its  outjout  is  very  considerably  in- 
creased. This  effect  is  easily  shown  on  the  living  animal  by 
recording  the  actual  pull  of  the  ventricle  by  suitable  levers,  or  the 
outflow  of  the  blood  during  each  beat  by  means  of  the  cardiometer 
(Fig.  61).  But  it  can  be  shown  even  better  on  the  isolated  heart 
perfused  by  a  Ringer's  solution.  Here,  as  soon  as  the  ergot  reaches 
the  coronary  vessels,  the  heart  begins  to  beat  much  more  powerfully  ; 
indeed,  the  effect  is  very  like  that  of  adrenalin,  but  differs  in 
that  there  is  not  so  much  acceleration.  Ergot  must  act,  therefore, 
on  the  sympathetic  nerve-endings  or  on  the  cardiac  muscle  :  the 
effect  is  much  more  probably  on  the  muscle,  because  (i)  there  is 


Fig.  61. — Cat.    Cardiometer.  Blood-pressure. 

.At  .\  5  111.  of  e.xtractum  ergotEe  liquidum  were  injected  into  one  jugular  vein.  Cardiac  sys- 
tole (downstroke)  and  output  (total  height  of  curve)  immediately  beijan  to  increase;  as  a  result 
the  blood-pressure  rose.  As  the  effect  passed  off,  the  reverse  conditions  obtained.  Time  =  12 
sees. 


not  so  much  acceleration  as  there  should  be  if  the  action  were  on 
augmentor  nerve-endings,  and  (2)  because  the  effect  is  so  prolonged. 
Drugs,  hke  adrenalin,  which  attack  sympathetic  nerve-endings 
})roduce  their  effects  more  quickly,  but  the  condition  soon  passes  off ; 
when  the  attack  is  on  muscle  the  effect  is  more  .slowly  produced, 
but  is  much  more  permanent.  Ergot,  then,  in  small  doses,  has  a 
very  powerful  tonic  action  on  the  heart. 

These  effects  result  in  a  rise  of  blood-pressure.  When  crude 
ergot  is  directly  injected  into  the  circulation  an  initial  fall  of  pres- 
sure is  commonly  observed.  This  is  due  probal^ly  to  such  impurities 
as  choline,  and  the  better  the  ergot  the  smaller  the  fall  :  moreover, 
this  fall  of  pressure  is  not  .seen  if  the  drug  is  injected  subcutaneou.sly. 
The  pulmonary  pressure  rises  at  the  same  time  as  the  systemic 
pressure  on  account  of  the  increased  output  from  the  right  side  of 
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the  heart,  and  this  is  of  some  importance,  as  ergot  has  been  adminis- 
tered in  cases  of  haemorrhage  from  the  pulmonary  vessels.  Used 
for  such  a  purpose,  this  drug  could  however  only  act  harmfully. 
Ergot  never  tends  to  constrict  the  pulmonary  vessels  even  when  it 
is  perfused  directly  through  them  ;  on  the  contrary,  when  it  is 
administered  to  the  intact  animal  these  vessels  are  passively  dilated 
by  the  rise  of  pulmonary  blood-pressure,  so  that  the  outflow  of 
blood  from  a  small  branch  of  the  pulmonary  vein  is  even  greater 
after  the  administration  of  ergot  than  before  (Fig.  63). 

Active  ergot  produces  certain  secondary  effects,  which  are  so 
characteristic  that  they  are  made  use  of  as  a  physiological  test  for  the 
drug.    If  fowls,  swine,  and  other  animals  are  fed  with  ergotised  rye 


Fig.  62. — Record  of  Rabbit's  Heart  Perfused  with  Ringer's. 
Solution,  by  the  Method  of  Langendorff 

The  upstroke  represents  systole.  At  A  a  minute  amount  of  ergot  was  added  to  the  per- 
fusing fluid.  Thejforce  of  systole  increased  considerably,  but  the  rate  of  beat  was  not  much 
altered.    Time  =  sees.    Strength  of  E.\tract  =  i  in  looo. 


the  action  of  the  fungus  is  manifested  by  gangrene  and  sloughing  of 
the  peripheral  parts,  such  as  the  comb  and  wattles  of  fowls,  ears  of 
hogs,  and  ears,  nose,  fingers  and  toes  of  man.  To  determine 
whether  or  no  a  crude  sample  of  drug  is  active,  one  method  commonly 
adopted  is  to  feed  roosters  with  the  specimen,  and  note  whether 
gangrene  appears  on  the  comb  and  wattles  (Fig.  64).  Microscopic 
sections  made  from  the  affected  parts  show  the  vessels  sometimes 
filled  with  corpuscles  and  sometimes  with  hyaline  thrombi  :  the 
walls  are  thickened,  and  there  is  hyaline  degeneration  of  the  intima. 

Ergot  also  affects  other  forms  of  involuntary  muscle,  the  tonus 
and  peristalsis  of  the  whole  gastro-intestinal  canal  is  increased  : 
in  therapeutics  sufficient  amount  is  not  given  to  make  this  action 
of  much  significance.  Ergot  is  mostly  employed  on  account  of  its 
effect  on  the  uterus.    This  action  is  like  that  on  other  plain  muscle, 
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and  shows  itself  first  by  the  augmented  contraction  of  the  fibres  as  a 
whole,  i.e.,  increased  tonus  ;  this  is  generally  regarded  as  being  due 
to  the  sphacelotoxin  :  superadded  to  this  is  the  effect  of  the  cornu- 
tine,  which  results  in  more  active  peristalsis.  It  is  said  that  after  the 
administration  of  small  therapeutic  doses  the  tonus  alone  is  in- 
creased and  the  movements  of  the  uterus  are  not  excited  ;  but 
it  is  certain  that  active  ergot  in  moderately  large  doses  increases 
both  the  peristaltic  movements  and  the  tonus.  This  induces 
augmentation   of    menstruation  —  emmenagogue    effect  —  in  the 
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Fig.  63. — Dog  (Pithed).    Action  of  Ergot  on  the  Pulmonary  Vessels. 

Upper  curve  ="pulmonary  pressure,  taken  with  a'saline  manometer.  Lower  curve  =  carotid 
'  pressure,  taken  with  a  mercury  manometer    At  A^e  c.c.  o£  liquid  extract  of  ergot  were 

injected  into  one  jugular  vein.  The  increase  of  pulmonary  pressure  is  due  :  (i)  to  aug- 
i  ^  mented  output  from  the  right  side  of  the  heart,  and  (ii)  to  augmented  pressure  on  the  left 
I  I  _  side  of  the  heart.    Since  the  pulmonary  vessels  do  not  constrict  the  condition  is  necessarily 

associated  with  congestion  of  the  lungs.  The  rise  in  systemic  pressure  is  largelv  due  to 
I  J  vaso-constriction. 


non-gravid  condition,  and  abortion — ecbolic  effect — in  the  gravid 
condition.  Ergot  is  especially  valuable  in  post-paHum  haemor- 
rhage, chiefly  by  promoting  the  contraction  of  the  uterus. 
It  is  used  occasionally  for  internal  hsemorrhage  other  than 
pulmonary. 

The  action  of  ergot  in  medicinal  doses  on  the  central  nervous 
system  is  slight,  and  requires  no  special  comment. 

It  is  advisable  here  to  utter  a  warning  against  the  use  of  ergot 
of  unknown  origin.  Many  of  the  samples  in  daily  use  on  the 
market  are  worthless  ;  they  "^either  have  no  action,  or  their  action 
is  of  such  a  feeble  nature  as  to  render  them  useless.  A  properly 
standardised  ergot  is  absolutely  necessary. 
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Poisoning 

Ergotism  is  the  term  applied  to  the  epidemic  disease  which  is 
caused  by  eating  rye-bread  containing  ergot.  It  is  now  rare,  and  is 
epidemic  only  in  certain  parts  of  Russia ;  in  mediaeval  times, 
however,  epidemics  spread  over  the  whole  of  Europe.  They  were 
apt  to  break  out  after  wet  summers  and  bad  harvests,  and  to  cease 
as  soon  as  the  crops  of  the  year  had  been  consumed.  The  symptoms 
may  be  either  acute  or  chronic,  but  the  acute  symptoms  are  ex- 
tremely rare,  and  consist  of  severe  vomiting  and  diarrhoea,  with 
death  from  collapse — any  irritant  poison  might  induce  a  similar 
effect.    The  cases  of  chronic  poisoning  are  very  characteristic. 

Nervous  effects.  a.re  often  the  first  symptoms  to  appear  during 
an  attack  of  ergotism.    They  show  themselves  especially  by  dis- 


FlG.  64. 

Represents  the  heads  of  two  roosters.  A  is  normal  and  is  given  for  the  sake  of  com- 
parison.   B  shows  the  gangrene  of  the  comb  and  wattles,  after  an  injection  of  active  ergot. 

turbances  of  sensation,  which  begin  at  the  periphery  and  spread 
upwards,  parts  of  the  skin  being  hyperaesthetic  and  parts  anaesthetic 
at  the  same  time.  But  the  most  characteristic  sensory  affection 
is  that  known  as  formication,  which  is  a  sensation  as  of  insects 
running  along  the  skin  ;  it  is  usually  present  in  the  limbs  alone 
and  is  accompanied  by  severe  itching.  Sometimes  sensation  is 
completely  paralysed,  and  depression  or  paralysis  of  the  special 
senses,  hearing,  sight  and  smell  may  occur. 

Motor  affections  are  also  present  :  twitchings,  tremors,  severe 
cramps,  and  painful  spasms  are  the  more  common.  They  affect 
the  extremities,  especially  the  lower,  and  the  extensor  and  flexor 
muscles  are  attacked  promiscuously.  In  some  epidemics  tlie  motor 
nervous  symptoms  are  especially  pronounced ;  in  such  cases 
tremors,  spasms,  involuntary  contractions  of  muscles,  or  choreic 
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movements  are  seen,  and  may  lead  ultimately  to  typical  epilei^tiform 
convulsions,  with  tonic  and  clonic  spasms,  affecting  the  facial  as 
well  as  the  spinal  muscles. 

Alimentary  effects.— W\thm  a  few  days  of  the  first  ingestion  of 
rye-bread  contaminated  with  ergot,  various  alimentary  symptoms 
occur,  and  are  associated  with  the  sensory  symptoms  already  men- 
tioned :  these  are  vomiting,  diarrhoea  and  sometimes  tenesmus, 
abdommal  pains  and  general  depression.  The  appetite  may  be 
either  voracious  or  completely  lost,  probably  attributable  to  some 
disturbance  of  sensation. 

Circulatory  effects.— ISlext  to  the  affection  of  the  central  nervous 
system   the   circulatory   changes   are    the    most  characteristic. 
The  rate  of  the  pulse  is  variable,  but  is  always  hard  and  small, 
and  has  all  the  features  of  a  high  blood-pressure.     One  common 
type  of  attack  is  known  as  the  gangrenous.    In  this  form  those 
attacked  by  the  disease  suffer  intolerable  pain,  they  waste  rapidly, 
the  peripheral  parts  become  hvid  and  "icy  cold,"  and  gangrene 
supervenes.    These  symptoms  may  come  on  at  any  time  from  two 
days  to  three  weeks  after  the  other  toxic  symptoms.  Sometimes 
all  the  nails,  fingers  and  toes  become  at  the  same  time  cold,  auccs- 
thetic,  and  in  appearance  dark  and  shrunk;   later  they  fall  off. 
Gangrene  of  the  skin  may  show  itself  by  the  development  of  pustules. 
More  rarely,  internal  organs  become  gangrenous,  and  cataract  of 
the  eye  and  ulceration  of  the  stomach  and  intestines  may  ensue. 
If  the  uterus  be  gravid  there  is  a  tendency  to  abort. 
From  this  it  is  evident  that  chronic  ergotism  may  be  of  two 
kinds,  each  possessing  many  characteristics  in  common,  but  suffi- 
ciently dissimilar  to  be  classed  formerly  as  two  distinct  diseases. 

In  the  gangrenous  type  the  circulatory  symptoms  are  prevalent, 
whilst  m  the  convulsant  type  the  nervous  symptoms  are  all  impor- 
tant. In  epidemics  of  ergotism  the  type  of  symptoms  remains 
constant,  and  the  difference  in  the  symptoms  in  various  epidemics 
can  only  be  explained  by  a  difference  in  composition  of  the  ergot. 
Different  samples  of  ergot  may  contain  very  different  amounts 
of  the  two  main  constituents  :  by  some  samples  a  convulsant 
action  can  be  induced  with  ease,  whilst  by  others  there  may  be  a 
considerable  rise  in  blood-pressure  and  typical  gangrene,  but  little 
or  no  effect  on  the  medulla.  This  difference  in  the  relative  pro- 
portion of  the  two  substances  or  groups  of  substances,  cornutine 
and  sphacelotoxin,  present  in  the  ergot  is  supposed  to  account  for 
the  two  types  of  chronic  poisoning. 

ECBOLICS  AND  EmMENAGOGUES 

Ecbolics  are  drugs  which  are  employed  to  stimulate  the'gravid 
uterus  to  expel  the  foetus.  When  the  uterus  vs  not  gravid  the 
same  drugs  increase  the  menstrual  flow,  and  are  then  termed 
emmenagogues.    Emmenagogues  are  sometimes  divided  into  two 
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groups :  the  direct,  which  act  on  the  uterus  in  the  same  way  as  the 
ecbohcs,  and  the  indirect,  which  act  either  by  altering  the  vascular 
conditions  of  the  abdominal  organs  such  as  purgatives,  or  which 
improve  the  condition  of  the  blood  or  the  general  tonus  of  the  body, 
such  as  iron  and  strychnine  respectively. 

Ecbohcs  may  be  divided  into  the  following  groups  : — 

(1)  Those  Acting  on  Uterine  Muscle 

[  Cornutine. 

(a)  Through  the  Centre      .       .       .    \  Strychnine. 

I  Picrotoxin. 

{Sphacelotoxin. 
Hydrastis. 
Conine. 

\  ■  r  Pilocarpine. 

(c)  Through  the  Nerve-endings  .       .    -\  Physostigmine. 

I  Digitahs. 

[d)  Through  the  Muscle-fibre     .       .    |  p^^^f^^^"^" 

(2)  Those  producing  Congestion  of  the  Pelvic  Viscera 

{a)  Drastic  purgatives. 

{b)  Irritating  volatile  oils  : — savin,  thyme,  turpentine,  penny- 
royal. 

(c)  Violent  irritants  : — cantharidin. 

{d)  Heat  or  counter  irritation  to  pelvic  regions  : — hip-baths, 
mustard-plasters,  and  hot  injections  into  the  vagina. 

MATERIA  MEDICA 
Ergota.    Dose,  20  to  60  grs. 

Preparations 

1.  Extractum  Ergotae. — Ergotin. 

Dose,  2  to  8  grs. 

2.  Injectio  Ergotae  Hypodermica. — 33  per  cent,  of  the  extract. 

Dose,  3  to  ID  m.  hypodermically. 

3.  Extractum  Ergotae  Liquidum. 

Dose,  10  to  30  m. 

4.  Infasum  Ergotae. 

Dose,  I  to  2  oz. 

5.  Tinctura  Ergotae  Ammoniata. 

Dose,  I  to  I  dr. 


CHAPTER  XV 


CINCHONA 


Red  cinchona  bark  is  obtained  from  the  stem  and  branches  of  the 
cultivated  Cinchona  succirubra.  The  tree  is  native  to  South 
America,  but  is  cultivated  in  the  Dutch  East  Indies  and  Ceylon. 
The  chief  constituents  of  the  bark  are  quinine  (about  1.5  per  cent.), 
cinchonidine  (2.5  per  cent.),  cinchonine  (i  per  cent.),  and  some 
quinidine,  hydroquinine,  hydrocinchonidine,  and  other  allied  bodies, 
making  up  a  total  of  about  5.8  per  cent,  alkaloid.  The  bark  also 
contains  a  glucoside  quinic  acid,  and  a  peculiar  tannin  which  yields 
cinchona  red  on  oxidation. 

Quinine  has  a  complicated  formula,  consisting  of  a  quinoline  group 
attached  to  a  piperidic  nucleus.    It  is  isomeric  with  quinidine  ;  and 


CH...qH„NO 


CH,.qHj^NO 


CH3O 


N 

Ciuchonine. 

cinchonine  is  isomeric  with  cinchonidine.  Since  the  action  of  the 
bark  is  due  to  the  alkaloids  it  contains,  it  will  be  convenient  to 
examine  in  detail  the  action  of  quinine,  and  subsequently  to  consider 
its  difference  from  the  other  alkaloids. 


Action 

External.— Quinine  is  a  general  protoplasmic  poison,  and  in 
sufficient  concentration  jmralyses  all  forms  of  hving  matter.  It 
differs  from  most  other  alkaloids  in  that  it  has  no  specific  affinity 
for  this  or  that  tissue,  but  behaves  ahke  towards  all.  It  first 
increases  slightly  the  activity  of  the  tissue,  but  this  very  rapidly 
gives  place  to  paralysis.  It  is  especially  fatal  to  undifferentiated 
protoplasm  and  to  lower  organisms.  In  the  presence  of  such  a 
dilute  solution  as  i  in  20,000,  vigorous  paramoecia  after  a  few  minutes 
become  sluggish  in  their  movements,  and  in  two  or  three  hours  are 
completely  disintegrated.  Fresh-water  amceb^e  rapidly  become 
.s()heroidal  and  motionless  in  even  more  dilute  solutions  such  as 
I  m  50,000,  and  should  the  percentage  of  quinine  be  increased  they 
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also  disintegrate.  Movements  of  cilia  and  spermatozoa  are  like- 
wise brought  to  a  standstill.  This  is  particularly  easy  to  observe 
in  the  case  of  cilia.  If  the  pharynx  of  a  frog  is  pinned  out 
on  a  smooth  surface,  a  hemp  seed  will  be  moved  over  the  cilia  by 
their  vibratile  activity,  and  its  velocity  can  be  readily  determined. 
After  painting  the  membrane  for  a  few  minutes  with  a  dilute  solu- 
tion of  quinine  the  hemp  seed  is  carried  along  at  first  more  rapidly ; 
but  this  effect  soon  passes  off,  and  the  movement  becomes  slower  and 
slower  and  ultimately  ceases.  This  destructive  power  in  very 
dilute  solution  is  peculiar  to  quinine  ;  other  bitter  substances  do 
not  possess  it  ;  and  although  some  other  alkaloids,  such  as  strych- 
nine and  veratrine,  have  a  like  action,  it  is  only  in  much  larger 
doses,  and  is  quite  insignificant  in  proportion  to  their  other 
effects. 

Certain  lowly  forms  of  life  exist  which  are  able  to  live  in  a  i  in 
500  solution  of  the  alkaloid  ;  among  these  are  the  amoeb?e  of  salt 
water  and  the  spirochaetae  of  relapsing  fever.  Yet  we  can  appre- 
ciate no  difference  in  structure  between  the  amoeba  of  our  ponds 
and  that  of  the  sea.  Again,  the  spirochseta  of  ordinary  vegetable 
decomposition  and  that  found  in  the  mouth  cannot  be  distinguished 
under  the  microscope  from  that  seen  in  the  blood  during  an  attack 
of  relapsing  fever,  and  yet  quinine  in  solutions  containing  i  part 
in  10,000  parts  of  water  destroys  the  former  but  does  not  affect 
the  latter. 

Quinine  is  antiseptic  ;  in  solutions  of  0.2  per  cent,  it  prevents  the 
acetic  and  butyric  acid  fermentations,  and  inhibits  the  growth  of 
yeast  and  decomposition  in  organic  matter.  This  action  is  recog- 
nised by  the  natives  of  Peru,  who  are  in  the  habit  of  cleansing  foetid 
pools  by  throwing  in  logs  of  cinchona.  The  drug  also  retards  the 
action  of  many  unorganised  ferments  :  the  activity  of  pepsin  and 
trypsin  is  decidedly  reduced,  and  that  of  ptyalin  and  diastase  in 
a  less  degree.  If  an  animal  is  dosed  with  quinine  and  then 
killed,  the  -post-mortem  transformation  of  glycogen  into  sugar  is 
retarded. 

Quinine  is  said  to  inhibit  the  oxidising  power  of  protoplasm  : 
it  is  supposed  that  this  is  demonstrated  by  adding  to  the  watery 
extract  of  some  living  tissue,  such  as  fresh  lettuce  leaves  or  potato 
peelings,  a  little  freshly  prepared  tincture  of  guaiacum  and  ozonic 
ether,  the  blue  colour,  which  under  ordinary  circumstances  at 
once  appears,  indicates  oxidation  :  if  a  little  of  the  alkaloid  is 
present  in  the  solution  this  colouration  is  very  long  delayed  or 
absent.  Such  oxidation  is  not  due  to  any  inherent  properties  of 
living  protoplasm,  but  to  an  unorganised  ferment— an  oxydase. 
As  further  examples  of  this  inhibitory  action  on  fermentation,  we 
may  point  to  the  formation  of  acid  which  occurs  in  drawn  blood 
which  Binz  beheves  to  be  due  to  oxidation  :  quinine  administered 
during  life  retards  this  post-mortem  effect.  Lastly,  it  has  been  shown 
that  when  either  benzoic  acid  and  glycocoll  or  salicylic  acid  and 
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glycocoll  are  perfused  through  the  isolated  kidney,  either  hippuric 
acid  or  salicyluric  acid  respectively  is  formed.  The  ])resence  of  0.5 
per  cent,  quinine  diminishes  this  synthesis  to  one  sixth. 

Two  hypotheses  have  been  proposed  to  account  for  this  action  of 
quinine.  The  first  supposes  a  direct  chemical  combination  between 
the  alkaloid  and  albumen,  and  in  favour  of  this  view  is  the  fact  that 
a  mixture  of  albumen  and  quinine  coagulates  at  a  lower  tem- 
perature than  albumen  alone,  and  the  precipitate  so  formed  cannot 
be  washed  free  from  quinine.  This  view,  however,  does  not  explain 
the  disintegration  of  paramoecium.  Binz  suggested  the  other 
hypothesis — that  quinine  in  some  way  interferes  with  oxidation. 
He  argues  from  the  fact  that  the  changes  produced  in  the  lower 
organisms  are  similar  to  those  which  occur  as  the  result  of  a  diminu- 
tion of  oxygen. 

Absorption  and  Action  on  the  Blood. — When  quinine  is  taken 
by  the  mouth  it  acts  as  a  bitter,  the  gustatory  apparatus  receives  a 
powerful  stimulus,  and  the  appetite  is  improved  :  gustatory  im- 
pulses acting  refiexly  are  the  strongest  of  all  stimuli  to  the  peptic 
glands.  On  reaching  the  stomach  quinine  is  dissolved  by  the 
hydrochloric  acid,  but  has  no  chrect  action  upon  the  flow  of  gastric 
juice.  Passing  into  the  duodenum  it  is  absorbed  rapidly  under 
ordinary  circumstances,  although,  if  an  excess  of  alkah  be  present 
in  the  duodenum,  it  is  precipitated  by  the  bile  acids  which  form 
with  it  insoluble  salts  ;  in  this  way  it  occasionally  remains  un- 
absorbed,  and  can  be  detected  in  the  faeces. 

After  absorption  quinine  exerts  a  profound  effect  upon  the  white 
blood  corpuscles  :  this  we  should  expect  when  we  consider  the 
general  relationship  of  these  corpuscles  to  the  unicellular  organisms 
we  have  already  mentioned.  If  one  part  of  quinine  is  added  to 
4000  parts  of  human  blood,  the  amoeboid  movements  of  the  leuco- 
cytes very  soon  cease  and  the  cells  become  spheroidal.  The  same 
fact  can  be  better  observed  in  the  frog  :  if  the  mesentery  of  this 
animal  is  exposed  on  the  stage  of  a  microscope,  inflammation 
naturally  ensues.  The  white  blood-corpuscles  are  seen  to  adhere 
to  the  walls  of  the  vessels,  migrating  freely  into  the  surrounding 
tissues,  and  changing  into  pus  cells  :  at  the  same  time  the  blood 
current  becomes  slower  (Fig.  65  A).  If  quinine  is  now  injected  sub- 
cutaneously,  the  picture  undergoes  a  change.  The  leucocytes 
become  round  and  granular,  their  movements  cease,  and  they 
no  longer  migrate  through  the  vessel-walls.  Cells  which  have 
already  migrated  pass  further  away  from  the  vessel  so  that  a  clear 
space  soon  becomes  apjmrent  between  them  and  the  vessel-wall. 
Yet  the  circulation  remains  undisturbed,  and  the  other  conditions 
are  all  favourable  to  the  formation  of  pus  (Fig.  65  B).  If  a  dose  of 
quinine  is  injected  into  the  frog's  lymph-sac  before  the  mesentery 
is  exposed,  again  no  pus  is  formed  and  the  circulation  goes  on 
normally.  From  these  experiments  it  appears  that  quinine  checks 
.suppuration  in  frogs;    but  such  large  do.ses  of  Ihc  alkaloid  are 
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requisite  to  produce  any  decided  effect  in  mammalia  that  its  employ- 
ment for  this  purpose  is  impossible. 

The  effect  on  the  leucocytes  must  not  be  considered  specific, 
but  rather  as  a  type  of  what  is  probably  going  on  in  all  the  cells 


A  B 

Fig.  65. — Microscopical  View  of  a  Piece  of  the  Mesentery  of  a 
Frog  with  the  Circulation  Intact. 

A  shows  normal  suppuration  and  B  is  the  same  view  modified  by  the  action  of  quinine. 
Note  the  tendency  of  the  white  blood-corpuscles  to  become  round,  granular,  and  immobile  ; 
their  migration  ceases  and  a  clear  space  forms  round  the  vessel.  (Binz.) 

of  the  body,  only  as  the  leucocytes  exhibit  amoeboid  movements 
and  are  so  readily  observed,  they  form  a  convenient  type  of  cell 
for  study. 

Action  in  Malaria. — Malaria  is  due  to  a  protozoon  which  was 
discovered  by  Laveran  in  1880.  Binz,  however,  from  his  ex- 
periments with  quinine  on  protozoa,  prophesied  the  discovery  of 
some  such  organism.  The  parasite  is  found  in  the  red  blood- 
corpuscles,  where  it  undergoes  certain  transformations.    There  are 
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Fig.  66. — Plasmodium  of  Tertian  Ague,  showing  the  Cycle  of 
Development  in  the  Red  Blood-Corpuscle. 

Quinine  exerts  its  greatest  effect  upon  the  forms  which  are  just  breaking  up  into  spores  (6)  and 
upon  free-swimming  organisms  (7).  It  has  much  less  effect  on  the  young  endo-corpuscular 
forms  (i,  2,  and  3). 

several  varieties  of  malaria,  but  the  parasite  of  tertian  ague  may 
be  taken  as  a  type  to  indicate  the  stage  during  which  quinine  is 
most  effective.  In  its  early  stages  it  exists  as  an  amoeboid  mass 
of  pigmented  pjrotoplasm  contained  within  the  red  blood-corpuscle. 
Its  endo-corpuscular  development  proceeds  for  about  forty-eight 
liours  when  segmentation  occurs,  and  with  it  a  paroxysm  of  ague. 
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The  segments  are  arranged  as  a  rosette,  and,  with  the  disintegration 
of  the  rosette,  pigment  and  young  parasites  are  set  free. 

If  the  parasite  is  examined  on  the  wai'm  stage  of  the  microscope 
the  presence  of  quinine  equal  to  i  in  10,000  arrests  its  movements  ; 
but  when  the  drug  is  given  by  the  mouth  three  hours  elapse  before 
the  endo-corpuscular  bodies  become  immobile,  granular,  and  lose 
their  affinities  for  certain  stains.  Quinine  does  not  attack  the 
parasite  with  equal  virulence  in  all  stages  of  its  development  : 
it  is  most  destructive  when  it  is  in  the  act  of  breaking  up  into  spores 
and  upon  free-swimming  organisms  ;  it  is  least  so  to  the  young 
endo-corpuscular  forms.    It  should  be  given  so  that  it  is  present 


Fig.  67. — Isolated  Gastrocnemius  of  the  Frog,  showing  the 
Effect  of  a  Number  of  Single  Induction  (Break)  Shocks. 

At  A  I  per  cent,  solution  of  quinine  was  applied  directly  to  the  muscle.     Death  occurs  in 
rigor,    stimulations  every  ten  seconds. 

in  the  blood  in  the  maximal  quantity  when  the  s])ores  are  being 
liberated,  so  that  they  may  be  killed  and  a  new  cycle  of  develop- 
ment prevented.  If,  however,  the  quinine  is  given  during  the 
intervals  of  well-being,  i.e.,  when  the  intra-corpuscular  forms  are 
present  in  the  blood,  it  does  little  good,  for  it  is  in  this  stage  that 
the  organisms  are  most  resistant.  Quinine  should  therefore  be  given 
a  few  hours  before  the  paroxysm,  so  that,  by  allowing  sufficient 
time  for  absorption,  it  may  be  present  in  the  blood  when  the  spores 
are  being  liberated. 

Action  on  Muscle.— Quinine  acts  to  some  extent  on  all  forms  of 
muscle  :  if  it  is  applied  to  the  curarised  gastrocnemius  of  the  frog 
the  contractions  are  increased  just  at  first,  but  the  irritability  is 
soon  diminished  and  the  muscle  dies  in  rigor  (Fig.  67).  The  total 
work  is  less  than  that  obtainable  from  the  normal  muscle. 

On  smooth  mu.scle  quinine  has  a  somewhat  similar  effect  :  wlien 
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small  quantities  are  applied  directly  to  a  stomach-ring  preparation 
from  the  frog,  the  automatic  movements  are  increased  at  first,  but 
with  very  large  doses  great  relaxation  occurs.  If  the  drug  is 
perfused  through  the  vessels  of  an  isolated  organ  there  is  initial 
constriction,  soon  giving  place  to  dilatation.  The  intestines, 
spleen  and  uterus  are  affected  in  like  manner.  Quinine  may  bring 
on  the  pains  of  labour  in  women  predisposed  to  abortion.  But 
the  assertion  that  it  is  a  valuable  ecbolic  is  disproved  by  the  fact 
that  for  centuries  the  drug  has  been  administered  indiscriminately 
to  pregnant  women  without  any  evil  effect. 

The  "action  on  the  circulatory  system  is  small  :  in  doses  of  from 
10  to  20  grs.  the  pulse-rate  is  increased  slightly,  whilst  in  larger 
doses  it  is  diminished,  this  being  probably  due  to  an  action  on  the 
muscle-protoplasm.  The  blood-pressure  rises  a  little  both  on 
account  of  the  acceleration  and  the  vaso-constriction. 

The  total  effect  on  muscle  is  very  small  and  of  little  practical 
significance  :  nevertheless,  quinine  is  said  to  be  a  "  tonic,"  a  word 
which  is  much  abused.  The  term  should  be  limited  to  drugs  which 
increase  tonus,  and,  so  far  as  muscle  tonus  is  concerned,  strychnine 
is  pre-eminently  the  tonic.  The  common  employment  of  the  term 
is  unscientific,  and  denotes  all  remedies  which  improve  the  general 
health  and  vigour  of  the  patient. 

Action  on  Metabolism. — Quinine  diminishes  metabohsm.  but 
it  is  a  little  difficult  to  understand  exactly  what  takes  place.  The 
absorption  of  food  is  not  affected,  so  that  if  a  man  is  in  a  condition 
of  nitrogenous  equilibrium  the  addition  of  a  little  quinine  to  his 
food  has  no  effect  on  the  digestive  functions,  for  the  amount  of 
nitrogen  and  fat  in  the  faeces  remains  constant. 

Its  influence  upon  metabolism  is  shown  principally  by  the  changes 
in  the  urine  ;  the  total  quantity  of  water  remains  about  the  same, 
but  all  the  other  constituents  are  diminished.  There  is  usually 
a  sHght  increase  of  the  various  sohds  for  the  first  hour  or  so,  but  it 
is  altogether  insignificant  when  compared  with  the  subsequent 
and  much  more  permanent  diminution.  Not  infrequently  the 
total  sohds  excreted  within  the  twenty-four  hours  after  a  single 
dose  of  quinine  may  be  diminished  by  40  per  cent.  The  urea,  uric 
acid,  sulphate,  phosphate  and  chloride  together  with  the  specific 
gravity  decrease  in  the  same  ratio  :  furthermore,  a  single  dose  of 
quinine  administered  to  an  animal  in  nitrogenous  equilibrium 
causes  a  fall  in  nitrogen  excretion  which  lasts  tor  a  peuoa  of  two 
days.  Some  drugs  diminish  the  excretion  of  urea,  sulphates,  &c., 
but  their  deficiency  in  the  excretion  of  nitrogen  and  sulphur  in 
this  form  is  counterbalanced  by  a  larger  excretion  of  unoxidised 
substances  containing  nitrogen  and  sulphur,  such  as  animonia, 
leucin,  tyrosin  and  crystin.  This  is  not  the  case  after  quinine ;  no 
such  incompletely  oxidised  substances  ap])ear  in  the  xmne. 

Since  proteid  metabolism  is  diminished,  it  might  a  priori  be  sup- 
posed that  the  gaseous  interchange,  i.e.,  the  absorption  of  oxygen 
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and  the  elimination  of  carbonic  acid,  would  be  correspondingly 
diminished  ;  such,  however,  is  not  the  case,  for  the  gaseous  exchange 
is  unaffected.  This  must  mean  that  some  nitrogenous  food,  which 
under  normal  conditions  would  be  used  up  and  later  appear  as  soHd 
constituents  of  urine,  is  being  stored  up  in  the  body,  and  the  animal 
being  in  equilibrium  is  putting  on  weight. 

Quinine  is  used  in  fevers  as  an  antipyretic.  When  administered 
in  small  doses  to  a  normal  animal  it  produces  a  slight  initial  rise  of 
temperature,  followed  by  a  considerable  fall  ;  and  if  given  to  an 
animal  with  pyrexia  a  like  effect  is  produced,  but  the  fall  in  the 
temperature  is  much  greater. 

By  the  aid  of  calorimetric  experiments  it  is  shown  that  this  fall 
in  the  temperature  is  not  associated  with  an  augmented  loss  of 
heat,  indeed  the  opposite  is  the  case,  for  the  loss  of  heat  is  less, 
so  that  quinine  lowers  the  temperature  by  diminishing  heat-pro- 
duction. In  a  normal  animal  heat-formation  and  heat-loss  are 
balanced  by  the  medulla  in  such  a  way  that  a  constant  temperature 
is  maintained  :  after  quinine  the  medulla  attempts  to  diminish  the 
heat-loss  in  order  to  maintain  the  temperature,  but  the  attempt  is 
not  successful  and  the  temperature  falls.  It  is  proper  at  this  stage 
to  consider  the  tissue  on  which  quinine  acts  ;  it  might  conceivably  be 
either  the  centre  in  the  corpus  striatum  or  the  peripheral  structures, 
the  glands  and  muscle.  It  is  certainly  not  on  the  brain,  since  the 
temperature  is  lowered  by  quinine  even  when  the  cord  is  cut  across. 
Nevertheless,  after  the  administration  of  quinine  the  medulla  fails 
to  compensate  successfully  for  this  subnormal  formation  of  heat, 
which  it  should  do  if  the  nerve-centres  were  normal ;  this  suggests  that 
quinine  has  a  small  action  on  the  centre.  The  fall  of  temperature 
runs  a  course  parallel  to  the  nitrogenous  metabolism  as  measured 
by  the  excretion  of  nitrogen  in  the  urine.  , 

Gaseous  metabolism  is  not  affected  by  quinine,  and  yet  less  heat 
is  formed  ;  therefore,  carbonic  acid  elimination  is  not  a  true  record 
of  the  total  heat-formation.  It  is  suggested  as  a  working  hypothesis 
that  when  proteids  undergo  oxidation  a  simpler  nitrogenous  body 
and  carbonic  acid  are  formed  first,  and  heat  is  simultaneously 
evolved.  This  nitrogenous  substance  undergoes  a  further  change, 
perhaps  by  hydrolysis,  in  which  simple  bodies,  such  as  urea,  are 
formed,  and  with  a  further  output  of  heat.  After  administering 
quinine  this  latter  stage  is  incomplete,  the  excretion  of  urea  is 
diminished,  and  the  body  gains  in  weight,  but  the  carbonic  acid 
output  remains  unchanged. 

Quinism  or  Cinchonism  is  the  name  given  to  a  group  of  symptoms 
produced  by  quinine  and  chiefly  connected  with  the  central  nervous 
.system. 

Dii^es/ion.—Quiwne  has  little  effect  on  digestion,  but  in  large 
doses  it  sometimes  causes  vomiting  from  its  extremely  bitter  taste 
and  the  irritant  effect  of  the  salt  on  the  stomach,  which,  in  the 
absence  of  a  sufficiency  of  hydrochloric  acid  is  not  easily  dissolved. 
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The  sulphate  is  much  the  most  irritant  salt  ;  it  is  soluble  in  about 
800  parts  of  water.  The  hydrochloride  is  not  only  much  more 
soluble  (i  in  36)  and  less  irritant  than  the  sulphate,  but  it  also 
contains  a  greater  percentage  of  the  base. 

Central  Nervous  System. — Large  doses  of  quinine  prove  fatal  by 
paralysing  first  the  brain  and  respiratory  centre  and  later  the  heart. 
In  animals  paralysis  of  the  respiratory  centre  by  such  very  large 
doses  is  easily  demonstrated,  although  at  this  stage  life  can  be 
continued  by  artificial  respiration.  A  little  later  the  heart  be- 
comes extremely  feeble,  blood-pressure  falls,  and  death  ensues. 

In  man  fatal  cases  are  hardly  ever  seen.  The  sjmiptoms  usually 
observed  are  giddiness,  apathy,  headache,  mental  depression, 
confusion  of  thought,  a  diminished  appreciation  of  pain,  and  general 
muscular  weakness.  In  more  severe  cases  these  are  followed  by 
unconsciousness  and  collapse,  the  face  becomes  .  pale,  the  lips 
blue,  respiration  slow  and  shallow,  and  the  pulse  slow  and  almost 
imperceptible. 

In  a  few  cases  fever  has  occurred  after  quinine  without  noticeable 
inflammation  of  any  organ.  A  blackwater  fever,  characterised  by 
the  sudden  appearance  of  blood  in  the  urine,  has  been  attributed  by 
some  to  the  use  of  this  drug. 

Sense-Organs. — Some  of  the  most  characteristic  effects  of  cin- 
chonism  are  on  the  sense-organs.  In  the  case  of  hearing  this  is 
manifested  by  deafness  and  humming,  hissing,  and  roaring  noises 
in  the  ears  ;  they  last  only  a  few  hours,  or  at  most  two  or  three  days. 
In  one  case  the  temperature  of  the  outer  ear  of  a  man  fell  0.56°  C. 
two  houi's  after  taking  17  grains  of  the  hydrochloride,  and  the 
external  meatus  and  tympanum  were  seen  to  be  pale  when  the 
action  of  quinine  was  at  its  height.  In  the  cat  inflammatory  ex- 
travasations have  been  produced  in  the  canalis  cochlecE  spiralis  and 
other  parts  of  the  internal  ear  by  dosing  with  quinine.  Such  vas- 
cular changes  are  not  constant,  and  the  symptoms  are  attributed  to 
some  change  in  the  nervous  mechanism,  possibly  peripheral,  although 
more  probably  central.  It  is  only  in  exceptional  instances  tliat 
quinine  produces  permanent  deafness  in  man. 

Disturbances  of  vision  have  been  observed  frequently  after  large 
doses  of  quinine.  The  field  of  vision  is  contracted  and  colour 
vision  is  especially  liable  to  become  confused  :  sight  is  impaired 
and  total  bhndness  has  been  recorded.  In  these  cases  the  retinal 
vessels  have  been  found  (i)  constricted  and  almost  obliterated, 
(2)  congested,  and  (3)  unchanged.  These  vessels  behave  like  other 
vessels,  and"  are  first  constricted  and  later  dilated  by  the  drug. 
The  visual  disturbances  are  due  to  an  action  on  the  nervous  system, 
either  on  the  ganglion  cells  in  the  retina  or  on  the  centre  in  the  brain. 

Transient  affections  of  the  skin  are  especially  frequent,  and  are 
of  vaso-motor  origin.  They  usually  occur  as  an  eczema,  erythema, 
or  urticaria.  Other  effects  of  cinchonism  are  albuminuria  and 
catarrh  of  the  bladder.    We  have  already  noted  that  a  few  grains 
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of  quinine  are  said  lo  have  caused  bloody  urine,  jaundice  and 
fever. 

Excretion.— Quinine  is  eliminated  mostly  unchanged  by  the 
kidneys,  but  a  small  amount  is  believed  to  be  converted  into  di- 
hydroxy-quinine,  which  is  almost  inert :  traces  of  the  drug  are  ex- 
creted also  with  the  saliva,  sweat,  tears  and  milk.  Ehmination 
proceeds  somewhat  slowly,  about  forty-eight  hours  being  required 
for  the  excretion  of  a  single  dose. 

Action  of  the  other  Alkaloids.— Preparations  of  the  bark 
differ  from  quinine  in  being  about  thirty  times  more  bulky,  more 
astringent,  more  apt  to  irritate  the  stomach  and  intestines,  and 
more  difficult  of  absorption.  The  action  of  the  other  alkaloids 
differs  from  quinine  principally  in  degree  :  quinine  is  the  best  anti- 
septic, and  then  follow  in  sequence  quinidine,  cinchonidine  and 
cinchonine  :  their  toxic  action,  if  measured  by  the  effect  on  striped 
muscle,  takes  a  different  order ;  here  cinchonidine  is  the  most  toxic, 
and  then  follow  quinine,  cinchonine  and  quinidine. 

In  animals  very  large  doses  of  cinchonidine  cause  convulsions, 
and  the  same  is  true,  though  to  a  less  extent,  of  cinchonine.  The 
convulsions  are  epileptiform,  and  probably  the  result  of  an  action 
on  the  cerebrum  :  those  observed  in  former  times  after  the  free 
use  of  quinine  were  due  possibly  to  contamination  with  cinchonidine. 
.  .  /O.QH, 

Euqumine. — CO\^^  ^-  ^         is  the   ethyl   carbonic    ether  of 

quinine,  and  has  been  introduced  as  a  substitute  for  quinine.  It 
is  less  toxic  than  quinine,  and  has  scarcely  any  bitter  taste. 

MATERIA  MEDICA 

Cinchonae  Rubrse  Cortex. — Red  Cinchona  Bark. 

The  Pharmacopoeia  directs  that  the  bark,  used  to  make  tlie  prepara- 
tions, should  contain  between  5  and  6  per  cent,  of  alkaloids,  of  which 
not  less  than  half  should  consist  of  quinine  and  cinchonidine. 
Dose,  3  to  15  grs. 

Preparations 

1.  Extractum  Cinchonae  Liquidum. — Containing  a  total  of  5  per 

cent,  alkaloids. 

Dose,  5  to  15  m. 

2.  Infusum  Cinchonae  Acidum. — A  solution  of  tlie  sulphates  of  the 

alkaloids. 

Dose,  I  to  I  oz. 

3.  Tinctura  Cinchonae. — Contains  i  per  cent,  of  total  alkaloids. 

Dose,  I-  to  I  dr. 

4.  Tinctura  Cinchonae  Composita. — Tincture  of  cinchona  ;  bitter 

orange  peel  ;    serpentary.     Contains  0.5  per  cent,  of  total 
alkaloids. 

Dose.  ^  to  I  dr. 
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Quininae  Sulphas.  Dose,  i  to  5  grs.  (bitter),  or  5  to  20  grs.  (antipyretic 
and  anti-periodic). 

Preparations 

1.  Ferri  et  Quininae  Citras. 

Dose,  5  to  ID  grs. 

2.  Pilula  Quininae  Sulphatis. 

Dose,  2  to  8  grs. 

3.  Syrupus  Ferri  Phosphatis  cum  Quinina  et  Strychnina. — Easton's 

Syrup.    Each  drachm  represents  f  gr.  ol  quinine  sulphate. 
Dose,  +  to  I  dr. 

4.  Tinctura  Quininae  Ammoniata. 

Dose,  |-  to  I  dr. 

Quininae  Hydrochloridum. — Soluble  to  about  3  per  cent,  in  water. 
Dose,  I  to  10  grs. 

Preparations 

1.  Tinctura  Quininae. 

Dose,  i  to  I  dr. 

2.  Vinum  Quininae. 

Dose,  J  to  I  02. 

Quininae  Hydrochloridum  Acidum.    Dose,  i  to  10  grs. 


CHAPTER  XVI 


THE  COAL-TAR  OR  AROMATIC  GROUP 

By  the  fractional  distillation  of  coal-tar  a  large  number  of  bodies 
have  been  obtained  possessing  a  certain  aromatic  odoui  and  a 
constitutional  formula  containing  one  or  more  benzene  rings. 
They  all  have  certain  common  pharmacological  actions  :— 

(1)  Protoplasmic  poisons,  and  therefore  antiseptic. 

(2)  Antipyretic. 

(3)  Tendency  to  convert  oxyhasmoglobin  to  methsmoglobin. 

(4)  Narcotic  action  on  the  central  nervous  system,  in  large  doses 
followed  by  convulsions  and  collapse. 

It  is  necessary  to  study  these  actions  in  further  detail. 

Pyrexia  is  probably  a  protective  measure  adopted  by  the  organism 
under  special  circumstances  ;  in  support  of  this  hvpothesis  two 
experiments  may  be  mentioned.  Rabbits  which  have"  been  infected 
with  pneumococci  live  longer  in  a  warm  oven  than  in  a  temperate 
room  ;  and  animals  infected  with  diphtheria  have  been  found  to  hve 
longer  if  their  temperature  is  artificially  raised  by  puncture  of  the 
corpus  striatum.  So  that  it  would  not  seem  to  be  always  ad- 
visable to  lower  the  temperature  in  pyrexia. 

I.  Antipyretics  are  drugs  employed  to  lower  the  temperature 
in  fever.  Ihey  produce  little  effect  on  the  normal  temperature  but 
a  much  greater  effect  during  pyrexia.  In  health  heat-production 
and  heat-loss  keep  pace  with  one  another;  the  organism  so  to 
speak,  is  regulated  to  a  definite  temperature  by  means  of  a  central 
mechanism  proba'bly  situated  in  the  corpus  striatum.  During 
fever  this  mechanism  is  apparently  as  perfect  as  in  health  but  is 
geared  at  a  higher  temperature.  These  facts  may  be  illustrated  by 
the  following  experiment.  A  normal  dog,  temperature  38.6°  C 
was  placed  in  the  cold  till  its  temperature  was  reduced  to  37.9°  C  " 
when  it  began  to  shiver— shivering  is  a  protective  mechanism  and 
increases  the  production  of  heat ;  it  depends  on  the  cerebral  hemi- 
.spheres  being  intact.  The  temperature  was  now  raised  by  external 
heat  to  39-1°  C,  when  the  dog  perspired  profusely  :  the  co-ordination 
was  such  that  a  divergence  from  the  normal  of  about  0  7°  C  elicited 
a  protective  increase  in  the  combustion  or  in  the  dissipation  of 
heat  respectively.  The  dog  was  now  rendered  febrile,  its  tempera- 
ture being  raised  to  404°  C.  ;  under  these  circumstances  it  was 
tound  that  when  the  temperature  was  lowered  to  40.2°  C.  shivering 
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commenced,  and  when  raised  to  40.9"  C.  there  was  profuse  perspira- 
tion. In  other  words,  the  regulating  mechanism  for  the  new  febrile  tem- 
perature is  at  least  as  perfect  as  it  was  at  the  normal  temperature. 
The  co-ordination  between  the  two  factors  which  previously  kept 
the  temperature  at  38.6°  C,  now  keeps  it  at  40.2°  C.  If  to  .such  a 
febrile  dog  an  antipyretic  drug  of  the  coal-tar  series  is  administered, 
one  which  we  will  assume  lowers  the  temperature  to  38°  C,  anew 
gear  is  developed,  and  the  animal  reacts  so  as  to  keep  its  temperature 
at  the  new  level.  It  appears  then  that  these  antipyretics  lower 
the  temperature  by  acting  on  the  regulating  centre.  This  entails 
an  augmented  loss  of  heat,  which  is  brought  about  mainly  by  dilata- 
tion of  the  peripheral  vessels,  and  can  be  measured  by  calorimetric 
experiments. 

The  whole  of  this  antipyretic  action  would  seem  to  be  on  the  brain. 
If  the  corpus  striatum  is  punctured  the  temperature  rises  con- 
siderably, but  it  can  be  reduced  by  these  drugs  even  when  the 
basal  ganglia  are  severed  from  the  higher  centres  :  if,  however,  the 
crura  are  severed  in  the  posterior  part  there  is  still  a  big  rise  in  the 
temperature,  but  it  is  not  influenced  by  these  antipyretics.  So 
that  the  action  would  seem  to  be  somewhere  in  the  region  of  the 
corpus  striatum.  Before  leaving  this  point  it  is  important  to  under- 
stand the  difference  in  action  between  a  cold  bath  and  one  of  these 
antipyretics.  Both  produce  a  fall  of  temperature  as  a  result  of  an 
increased  loss  of  heat  from  the  surface  of  the  body,  but  the  bath 
does  not  affect  the  regulating  mechanism,  so  that  mcreased  com- 
bustion soon  brings  the  body  back  to  its  former  temperature  :  the 
antipyretic  acts  more  permanently;  it  attacks  the  regulating 
mechanism,  which  it  gears  to  a  lower  temperature.  If  a  febrile 
animal  is  well  wrapped  up  and  kept  in  a  warm  incubator  so  that  it 
cannot  lose  heat  from  the  surface  of  the  body,  antipyrine  has  httle 
or  no  effect  on  the  temperature.  Many  drugs  dilate  the  superficial 
vessels  even  more  than  antipyrine  and  its  allies,  for  example,  the 
nitrites  and  alcohol,  and  after  the  administration  of  such  drugs 
the  body  loses  much  heat  and  the  temperature  falls,  but  they  are 
not  good  antipyretics,  because  the  increased  loss  of  heat  results 
in  augmented  combustion,  and  so  the  temperature  is  kept  up  nearly 
at  its  previous  level ;  in  other  words,  the  central  geanng  is  not 
affected. 

There  is  a  second  group  of  drugs  which  lower  the  temperature, 
not  by  increasing  the  loss  of  heat  but  by  diminishing  its  production. 
Quinine  is  an  example  of  this  class,  and  it  decisively  diminishes 
the  metabohsm  ;  therefore  less  heat  is  formed  and  the  temperature 
falls.  Drugs  of  this  class  will  lower  the  temperature  of  febrile 
animals  even  when  loss  of  heat  from  their  surface  is  prevented  by 
keeping  them  wrapped  up  in  incubators.  The  fall  of  temperature 
after  quinine  is  secondary  to  the  diminished  metabolism  :  the  diminu- 
tion in  metabolism  commonly  seen  after  the  administration  of  one  of 
the  coal-tar  antipyretics  is  the  result  of  the  fall  of  temperature. 
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II.  Meth^moglobin  (Fig.  68).— A  very  large  number  of  widely 
different  drugs  convert  oxyhcemoglobin  into  methc-emoglobin.  It  is 
particularly  easy  to  form  this  substance  by  the  addition  of  drugs 
to  drawn  blood,  when  it  is  readily  recognised  by  its  characteristic 
spectrum.    But  many  drugs  which  produce  this  body  when  added 
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Fig.  68.— Absorption  Spectra  of  Hemoglobin  and  its  Derivatives. 

to  drawn  blood  will  not  do  so  when  administered  to  man  even  in 
poisonous  doses  ;  either  death  is  produced  by  other  means  before 
sufficient  drug  is  in  the  blood  to  produce  a  recognisable  amount  of 
methfemoglobin,  or  the  drug  is  not  absorbed,  or  it  is  very  rapidly 
excreted.  Some  drugs,  phenacetin  and  antifebrin  for  example 
form  methfemoglobm  only  when  administered  to  the  living  animal 
and  not  when  added  to  drawn  blood. 


226  A  MANUAL  OF  PHARMACOLOGY 

The  presence  of  a  small  amount  of  methaemoglobin  gives  rise  to 
no  evil  effects,  and  after  a  time  it  is  destroyed  and  replaced  by 
oxyhcEmoglobin.  When  it  is  present  in  larger  quantities  it  causes 
symptoms  which  are  entirely  the  result  of  an  absence  of  oxyhse- 
moglobin,  methsmoglobin  being  incapable  of  acting  as  an  oxygen 
carrier;  so  the  patient  becomes  blue  and  dyspnoeic.  Unless  the 
condition  is  very  severe  the  methsemoglobin  is  confined  within  the 
red  blood-corpuscles;  but  in  some  severe  cases  as,  for  example, 
after  a  dig  dose  of  antifebrin,  the  methsemoglobin  is  hberated  in  the 
blood  (haemolysis),  and  remnants  of  the  red  blood-corpuscles  fre- 
quently cause  kidney  trouble  by  blocking  up  the  renal  tubules 
at  a  period  when  possibly  all  the  methsemoglobin  has  been  replaced 
by  oxyhsemoglobin. 

Drugs  which  produce  methsemoglobin   may  be   classified  as 

follows  : — 

(1)  Oxidising  agents  :  ozone,  chlorate  of  potash,  -potassium  ferro- 
cyanide,  hydroxyl  and  potassium  permanganate. 

(2)  Redticing  agents  :  nascent  hydrogen,  nitrites,  all  the  coal-tar 
products,  but  especially  pyrogallol  and  hydroquinone. 

(3)  Indifferent  agents,  such  as  salts  and  glycerin. 

111.  Antiseptics  and  Disinfectants.— Antiseptics  are  drugs 
which  prevent  putrefaction  by  inhibiting  the  growth  of  organisms, 
whilst  disinfectants  or  germicides  are  remedies  which  destroy  the 
germs  and  their  spores.  Some  antiseptics  are  also  deodorants  and  are 
used  to  hide  objectionable  smells,  such  as  those  arising  from  putre- 
faction. A  perfect  disinfectant  should  be  non-poisonous  to  man 
and  animals,  soluble  in  water,  and  rapid  in  its  action;  further, 
it  should  be  non-corrosive  to  metals  and  harmless  to  colours  and 
leather.  Very  many  substances  are  antiseptic,  but  only  a  few  are 
disinfectant,  and  there  is  no  hard  and  fast  Une  between  the  two 
groups.  The  germicidal  power  of  a  solution  depends  upon  its 
strength,  and  a  substance  which  will  kill  growths  in  one  streng  h 
will  only  inhibit  them  when  diluted,  thus  a  5  per  cent,  solution  of 
carboUc  acid  kills  anthrax,  but  a  i  per  cent,  solution  only  inhibits 
their  growth.  One  body  may  be  disinfectant  to  one  organism  but 
only  antiseptic  towards  another,  and  some  even  have  a  selective 
action  for  certain  micro-organisms. 

Disinfectants  may  be  of  two  kinds,  physical  and  chemical. 
Fresh  air  and  sunlight  alone  wiU  kill  many  sporeless  pathogenic 
bacteria,  and  fire,  hot  air  and  steam  are  all  extensively  used  for 
disinfectant  purposes.  Of  the  chemical  disinfectants  the  most 
commonly  used  are  included  in  the  following  fist  :— 

Perchloride  of  mercury  (HgCl,)  is  one  of  the  most  powerful  disin- 
fectants with  which  we  are  acquainted.  It  dissolves  in  sixteen  parts 
of  cold  water,  and  a  solution  of  i  in  1000  kills  anthrax,  diphtheria, 
glanders  and  typhoid  bacilli,  and  the  vibrio  of  cholera  in  ten 
minutes  ;  if  the  solution  is  i  in  400  or  i  in  500  the  spores  also  are 
destroyed.    The  disadvantages  are  that  it  is  very  poisonous  to 
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man,  corrodes  metals,  and  combines  with  albumen,  forming  an 
a  bummate  on  which  account  it  is  not  good  for  the  disinfection 
of  fences  unless  acid  is  also  present.  For  the  prevention  of  these 
precipitates  with  albuminous  matter  the  addition  of  hydrochloric 
or  tartaric  acid  has  been  found  most  satisfactory 

Mercuric  Iodide  (Hgl,)  is  more  powerful  than  the  chloride,  and  less 
poisonous  to  animals.  It  has  the  disadvantage  of  being  insoluble 
in  water  unless  potassium  iodide  is  present. 

Coal-tar  Derivatives  or  Aromatic  Series. —The  members  of  this 
series  were  introduced  by  Lister  to  prevent  the  infection  of  wounded 
surfaces  m  surgery.    Carbohc  acid  or  phenol  (C,H,OH)  is  the  best 
known  of  the  group,  and  is  a  rehable  antiseptic,  although  not  a  very 
powerful  germicide.    For  disinfectant  purposes  solutions  should 
not  be  more  dilute  than  i  in  20,  and  their  activity  is  considerably 
increased  by  the  addition  of  a  neutral  salt.    Blood  containing 
anthrax  bacilh  can  be  sterihsed  by  a  i  per  cent,  solution  in  about 
a  minute,  but  the  spores  require  to  be  soaked  for  two  days  in  a 
5  per  cent,  solution  before  they  are  destroyed.    The  disadvantages 
of  carbohc  acid  are  that  it  is  poisonous,  it  coagulates  albumen, 
and  has  a  caustic  action  on  the  skin.    Most  of  the  aromatic 
series  do  not  enter  into  chemical  combination  with  proteids,  and 
have    therefore,  better  penetrating  power  than  the  metals.  A 
great  many  are  m  common  use,  such  as  creosol,  /3-naphthol,  salol 
salicylates,  guaiacol,  cresols,  ichthyol,  izal,  lysol  and  creohn.  The 

^ort'.fflT  ff  "^^'^"^^  "^^■^^'^  derivatives,  and  are 

more  efficient  for  general  use  than  carbohc  acid,  although  a  5  per  cent 
solution  IS  still  requisite  for  a  germicidal  effect.  Chinisol  may  be 
taken  as  one  of  the  most  efficient  members  of  the  group-  it  is 
whHs 'in""  ^^^t^.^'.J^^^-^o^^osive,  and  does  not  coagulate  albumen, 
sublimate  ^'^'"'^''^  ^1^°^^       powerful  as  corrosive 

inlnffl  ^^^^^^  ^^'^  a"  disinfect  when  used 

in  sufficient  strength.  Their  germicidal  power  varies  with  their 
electrolytic  dissociation,  that  is,  with  the  concentration  of  the  H  ions 
in  the  solution,  hence  they  have  a  specific  action  depending  on  the 

^/^a^z.s.-KOH,  NaOH,  AmOH,  and  LiOH  are  antiseptic  and 
disinfectant.  They  have  been  shown  to  act  in  proportion  to  Ihe 
concentration  of  the  (OH)  ions  in  the  .solution. 

Halogens.  —  Chlorine    and    bleaching-powder    (CaCl  CaCl  O  ) 
Chlorme  is  obtained  from  bleaching-powde^r  by  the  idd^n  oTS  i 

add'beTn.  f  ^^"^^^      ^^^er,  hydrochloSc 

ac  d  being  formed  and  nascent  oxygen  hberated.    0.3  per  cent 
ch  orme  kills  minor  organisms  which  are  freely  exposed  in  a  r 
saturated  with  moisture.    For  disinfection  purpo^sesTs  per  cen 
of  b le 'h-P'''"'T       atmosphere,  which  would  entail  ab^out  3  lb.' 

action  nf'^hT^'T'^''  ^"^^^  f^^t  °f  ^i^-^Pace.  The 

action  of  bleaching-powder  depends  upon  the  chlorine  given  off 
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in  solution  It  corrodes  metals  and  dissolves  albumen,  but  is 
cheap  and  manageable.  A  lo  per  cent,  solution  is  very  potent, 
and  I  per  cent,  suffices  for  most  purposes. 

Oxidising  A  gents.— Ozone,  hydrogen  peroxide.  Terebene  and  pre- 
parations such  as  sanitas  are  good  deodorants,  and  produce  a  trace  of 
ozone.  Potassium  permanganate  (K^MaPg)  is  non-poisonous, 
readily  soluble  in  water,  but  quickly  loses  its  colour  m  the  presence 
of  organic  matter  by  the  abstraction  of  its  oxygen.  To  destroy 
bacteria  the  solution  should  contain  5  per  cent,  permanganate  after 
aU  organic  matter  has  been  oxidised.  Such  a  concentration  stains 
most  objects  and  renders  its  use  impracticable. 

Reducing  Agents.— Formalin  is  a  40  per  cent,  solution  of  formic 
aldehyde  (H.COH)  in  water.  It  is  cheap,  and  harmless  to  colours 
and  metals  except  iron.  A  J  per  cent,  solution  kills  most  organisms. 
Sulphites  and  ferrous  salts  also  act  by  reduction.  Sulphur  dioxide 
(SO,)  is  unsatisfactory  as  a  disinfectant ;  it  bleaches  vegetable  colours, 
attacks  iron,  and  injures  cloth  and  leather.  10  per  cent,  of  the  gas  m 
moist  air  fails  to  destroy  the  spores  of  anthrax  m  twenty-four 

hours.  ^    ,       1,  r 

Salts,  especially  CuSO,,  ZnCl^,  Fe^Cl^,  and  most  of  the  salts  of 
Zn  Cu,  Fe,  As,  Pb,  Hg  are  germicides.  Broth,  gelatine,  or  similar 
organic  media  diminish  the  disinfecting  power  of  aqueous  solutions 
of  metalHc  salts. 

I     Method  of  Determining  the  Antiseptic  and  Disinfectant 

Power  of  Drugs. 

The  antiseptic  dose  of  a  drug  may  be  regarded  as  the  smallest 
quantity  of  an  antiseptic  capable  of  arresting  the  development  of 
bacteria  in  a  culture  medium.  A  number  of  tubes  of  sterile  bouiUon 
are  prepared,  each  containing,  say,  10  c.c.  ;  to  these  is  added  a 
varying  proportion  of  the  antiseptic  under  examination.  Each  tube 
is  inoculated  either  with  the  organisms  of  putrefaction  or  some 
other  germ,  and  is  placed  in  the  incubator  for  periodical  examination. 
If  the  drug  is  acting  as  an  antiseptic  it  should  inhibit  all  gi'owth 

To  determine  the  germicidal  dose,  the  drug,  in  known  strength, 
is  placed  for  a  given  time  in  contact  with  different  micro-organisms  : 
this  may  be  done  by  impregnating  test-tubes  containing  known 
proportions  of  the  drug  in  solution  either  in  broth  or  water  with 
putrefying  micro-organisms  and  pathogenic  bacteria.  Watei  is 
especially  necessary  where  drugs  which  act  on  albumen  and  the 
organic  media  in  broth  are  being  employed.  After  a  suitable  time 
culture  is  made  from  this  into  sterile  broth,  and  after  incubation 
for  twenty-four  hours  new  cultures  are  again  made  into  fresh  sterile 
broth,  the  object  of  the  re-culture  being  to  wash  the  orgamsms 
free  from  antiseptic.  If  the  last  tube  is  sterile  after  incubation 
it  shows  that  all  the  micro-organisms  have  been  destroyed. 

In  testing  the  action  of  gaseous  disinfectants  the  more  resistant 
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micro-organisms  are  generally  employed,  such  as  anthrax  spores. 
Strips  of  Hnen  are  smeared  with  the  material  containing  the  spores 
and  are  exposed  to  a  known  percentage  of  the  gas  for  a  definite 
time,  and  finally  tested  by  culture  or  inoculation  into  animals. 

Mode  of  Action. — Antiseptics  produce  their  effects  in  a  variety 
of  ways : — 

(1)  Salt  Action. — Common  salt,  potassium  nitrate  and  sugar  are 
examples.  They  act,  as  a  result  of  their  osmotic  properties,  by  ex- 
tracting water  from  the  organisms  and  so  inhibiting  their  growth. 

(2)  Oxidation. — Potassium  permanganate,  hydroxyl,  chlorine  and 
iodine,  may  be  taken  as  examples.  All  these  hberate  nascent  oxygen, 
which  directly  destroys  the  hving  matter.  The  halogens  only  act 
in  the  presence  of  water,  from  which  they  abstract  hydrogen  to 
form  the  haloid  acid  and  Hberate  nascent  oxygen. 

(3)  Reduction. — Typical  drugs  acting  in  this  fashion  are  formic 
aldehyde  and  sulphur  dioxide.  The  latter  requires  water  as  shown 
by  the  following  equation  : 

SO,  +  2HO,  =  H^SO,  + 

(4)  Precipitation  of  Proteids. — Many  of  the  heavy  metals  act  as 
antiseptics  by  precipitating  proteids.  The  effect  as  regards  the 
bacterium  itself  is  probably  a  sUght  one  with  dilute  solutions, 
as  the  metallic  albuminate  formed  round  the  cell-wall  prevents 
further  action,  but  they  also  precipitate  the  food  material  and  so 
bring  about  an  antiseptic  effect  from  starvation. 

(5)  Specific  Protoplasmic  Poisons. — The  members  of  the  coal-tar 
series,  the  essential  oils,  mercury,  boric  acid  and  borax  are  typical 
examples.  The  salts  of  mercury  do  not  act  entirely  by  precipitating 
proteids,  as  very  dilute  solutions  will  produce  the  desired  effect. 
The  germicidal  action  of  the  compounds  of  mercury  with  the  halogens 
varies  with  the  degree  of  dissociation  in  the  solution,  and  is  due 
to  the  specific  action  of  the  Hg  ion.  The  action  of  aqueous  solutions 
of  HgCl2  is  retarded  by  the  addition  of  hydrochloric  acid  or  a 
haloid  salt,  probably  on  account  of  retarded  dissociation.  In  con- 
ducting comparative  i-esearches  on  the  germicidal  action  of  two 
substances  it  is  necessary  to  employ  equi-molecular  quantities. 
For  example,  in  the  case  of  the  acids  and  alkalies,  equimolecular 
solutions  are  the  only  ones  which  are  comparable,  for  these  sub- 
stances act  in  proportion  to  the  concentration  of  the  H  ions  and 
OH  ions  respectively  in  the  solution. 

It  is  important  to  bear  in  mind  that  the  antiseptic  action  of  a  drug 
varies  not  only  with  the  nature  and  concentration  of  the  drug,  but 
with  the  solvent  used  and  the  proportion  of  salts  present.  Thus, 
bodies  dissolved  in  methyl-alcohol,  ethyl-alcohol,  or  ether  are 
almost  without  effect  on  anthrax  spores,  whilst  the  germicidal  power 
of  phenol  or  formalin  diminishes  as  alcohol  is  added  to  the  solution. 

The  choice  of  a  suitable  drug  is  determined  largely  by  the  object 
which  is  to  be  disinfected. 
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For  rooms,  water,  soap,  and  fresh  air  are  the  best.  Fumigation 
with  sulphur  dioxide  or  chlorine  is  largely  practised,  but  a  spray  of 
formic  aldehyde  is  more  efficient  than  either. 

Clothing  and  bedding  are  generally  disinfected  by  steam.  A 
5  per  cent,  solution  of  carbolic  acid  and  a  i  in  2000  of  mercury 
perchloride  are  also  employed. 

For  excreta,  carboUc  acid  or  some  other  coal-tar  derivative, 
sulphate  of  iron  and  alkalies,  are  among  the  drugs  more  commonly 
used.  If  perchloride  of  mercury  is  employed  some  acid  must  also 
be  added  to  avoid  the  combination  of  the  mercury  with  the  albumen. 

Salts  are  extensively  used  to  preserve  meats  and  meat-extract ; 
and  sugars  to  preserve  fruits.  Other  preservatives  are  borax,  boric 
acid,  and  saUcylates ;  but  it  is  an  open  question  whether  their 
employment  is  harmful  to  the  consumer. 

During  operations,  irritant  and  very  poisonous  antiseptics  must 
be  avoided.  Members  of  the  coal-tar  series  are  those  in  common 
vogue.  As  dusting  powders,  iodoform,  boracic  acid,  and  salicyHc 
acid  are  perhaps  most  general.  For  the  skin,  carbohc  acid,  about 
5  per  cent.,  or  icthyol,  up  to  50  per  cent.,  may  be  employed. 

These  drugs  cannot  be  administered  internally  in  sufficient  doses 
to  produce  a  germicidal  effect  after  absorption,  but  it  is  possible  that 
some  beneficial  antiseptic  effect  may  accrue.  For  the  lungs,  such 
drugs  as  guaiacol,  creosote,  and  the  essential  oils  are  most  general. 
These  are  partly  excreted  by  the  lungs,  but  it  is  very  doubtful  if 
the  small  amount  so  excreted  can  produce  much  effect,  and  the 
sputum  is  certainly  not  rendered  less  \T.rulent  when  injected  into 
animals. 

For  the  ahmentary  canal,  calomel,  carboUc  acid,  /3-naphthol, 
and  salol  may  be  taken  as  typical  representatives.  We  have  an 
indication  of  the  amount  of  bacterial  action  going  on  in  the  alimen- 
tary canal  by  the  amount  of  ethereal  sulphates  present  in  the  urine, 
provided  aromatic  substances  are  not  being  administered.  Now, 
although  these  drugs  do  not  diminish  materially  the  number  of, 
let  us  say,  typhoid  bacilli  in  the  faeces  during  an  attack  of  typhoid 
fever,  yet  by  changing  the  environment  of  the  pathogenic  organisms, 
it  is  probable  that  their  activity  is  diminished  and,  therefore,  their 
virulence  ;  hence,  after  the  administration  of  a  drug  such  as  calomel, 
there  is  diminution  in  the  indoxyl  and  combined  sulphates  of  the  urine. 

For  disinfection  of  the  urine,  acid  sodium  phosphate,  urotropine, 
and  the  balsams  are,  perhaps,  the  most  important  drugs.  Acid 
sodium  phosphate  is  excreted  by  the  urine,  which  it  renders  acid. 
It  is  the  best  drug  we  possess  for  increasing  the  acidity  of  the  urine. 
Urotropine  is  excreted  partly  unchanged  and  partly  as  formal- 
dehyde ;  it  produces  a  marked  effect  on  putrefactive  organisms 
in  the  bladder.  The  balsams  and  resins  are  also  excreted  by  the 
urine  and  are  useful  antiseptics. 

IV.  The  ACTION  ON  THE  CENTRAL  NERVOUS  SYSTEM  COnsistS  of  a 

mild  narcosis  shown  by  a  tendency  to  sleep,  and  a  diminished  sensi- 
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bility  to  pain.  The  depression  begins  with  the  highest  centres  and 
works  downwards  in  an  evolutionary  order.  During  the  recovery  in- 
creased reflexes  and  convulsive  starts  occur,  which  seem  to  be  com- 
parable with  those  sometimes  seen  during  recovery  from  a  large  dose 
of  morphine.  Death,  when  it  occurs,  is  caused  by  collapse.  The 
several  members  of  the  coal-tar  series  exert  these  actions  in  very 
different  degrees,  but  it  is  convenient  to  divide  them  into  two 
groups  :  (i)  an  antipyretic  group,  whose  characteristic  action  is 
on  the  brain  and  particularly  on  the  heat-regulating  centre,  and 
(2)  an  antiseptic  group,  the  members  of  which  are  much  more 
powerful  protoplasmic  poisons. 

THE  ANTIPYRETIC  GROUP 

Phenazone  or  antipyrin  is  usually  obtained  by  the  interaction 
of  phenyl-hydrazine  with  aceto-acetic  ether. 

CH,.C  =  CH 


CH3N 


CO 


N.C.H. 

6  a 

It  has  a  complex  structural  formula.  Hypnal  is  a  combination 
of  antipyrine  with  chloral,  and  resopyrin  with  resorcin  ;  and  other 
compounds  are  from  time  to  time  put  on  the  market  as  substitutes 
for  antipyrin. 

Phenacetin  (para-acet-phenetidin)  is  prepared  from  para-nitro- 
phenol. 

In  recent  years  many  alhed  bodies  have  been  introduced,  such  as 
lactophenin,  salophen.  phenocoll. 

0.C.3H,,  O.C,,H, 


NH.CO.CHOH.CH3 
Lactophenin. 

O.CO.CgHj.OH 


NH.CO.CH3 
Phenacetin. 


NH.COCH, 
Salophen. 

Aceianilid  or  antifehrin  is  obtained  by  the  interaction  of  aniline 
and  glacial  acetic  acid.    Allied  substitution  derivatives   such  as 


NH.CO.CH2NH2 
Phenocoll. 


NH.COCH, 


NCH.COCH, 


Acetanilid, 


Exalghi. 
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excdgin,  have  also  been  employed.  The  only  three  which  are  in  the 
Pharmacopoeia,  and  which  we  need  consider,  are  antipyrin,  phen- 
acetin  and  antifebrin. 

Action 

These  drugs,  unlike  many  other  allied  bodies  of  the  antiseptic 
gi'oup,  are  not  very  poisonous.  Their  most  interesting  action  is  on 
the  body  temperature.  It  is  insignificant  on  the  normal  tempera- 
ture, but  in  fevers,  especially  those  of  the  intermittent  type,  where 
the  temperature  rises  every  night  and  falls  to  normal  or  nearly 
normal  in  the  morning,  it  exerts  its  maximum  effect,  whilst  it  is 
less  marked  in  continuous  fevers.  Any  of  these  drugs  will  reduce 
fever  with  certainty  in  from  one  to  two  hours  after  administration. 

The  temperature  of  the  body  may  be  reduced  either  by  increasing 
the  loss  or  diminishing  the  production  of  heat.  The  coal-tar 
derivatives  lower  temperature  by  increasing  the  heat  loss.  This 
may  be  shown  by  calorimetric  experiments  such  as  the  following  : — 
A  rabbit  is  rendered  febrile  either  by  the  injection  of  septic  material 
or  by  puncture  of  the  corpus  striatum,  and  the  amount  of  heat  given 
off  in  unit  time  under  fixed  conditions  is  measured.  An  injection 
of  some  antipyretic  is  now  administered  and  a  fall  of  temperature  is 
obtained,  which  is  accompanied  by  a  corresponding  increased  loss 
of  heat.  This  loss  might  be  due  to  dilatation  of  peripheral  vessels 
or  to  augmented  perspiration.  The  latter,  although  it  no  doubt 
assists  in  the  dissipation  of  heat,  is  a  comparatively  unimportant 
factor,  since  atropinised  animals,  with  the  nerve  termination  of 
the  sweat-glands  paralysed,  which  therefore  cannot  sweat,  still 
react  in  the  same  way  towards  these  antipyretics.  This  vaso- 
dilatation is  seen  readily  enough  in  both  animals  and  man  :  it  only 
affects  the  skin,  and  the  splanchnic  vessels  are  not  simultaneously 
dilated.  This  is  important,  because  it  shows,  in  the  first  place,  that 
the  action  is  not  peripheral,  for  then  all  the  vessels  would  probably 
be  affected  in  the  same  way;  further,  if  it  affected  all  the  vessels 
the  blood-pressure  would  fall  and  the  total  blood  passing  through 
the  skin-vessels  would  be  small,  whereas,  if  the  other  vessels  are 
unaltered,  and  onl}'  the  cutaneous  vessels  are  dilated,  then  the 
blood-pressure  will  not  be  much  affected,  and  a  greatly  augmented 
quantity  of  blood  will  pass  through  the  peripheral  vessels. 

That  this  dilatation  of  skin- vessels  "is  due  to  an  effect  on  the  centre 
is  certain,  since  antipyrin  will  not  lower  the  temperature  after 
section  of  the  coi'd.  So  that  we  must  conclude  that  the  action  is 
on  the  heat-regulating  nervous  mechanism. 

It  was  formerly  believed  that  these  antipyretics  lowered  tem- 
perature, at  least  in  part,  by  diminishing  the  production  of  heat — 
the  result  of  a  lessened  metabolism.  A  drug  which  alters  metabolism 
of  tissues  will  act  in  health  as  well  as  in  fever,  for  example,  quinine 
lowers  the  temperature  in  fever  by  diminishing  the  metabolism  of 
tissues,  but  it  affects  metabolism  equally  well  M-hen  the  temperature 
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is  normal.  Now  antipyrin,  phenacetin  and  antifebrin  have  very 
little  effect  on  the  metabolism  of  the  healthy  man  ;  antifebrin  is 
even  said  to  increase  it  slightly,  and  in  large  doses  (non-medicinal) 
it  certainly  does  so  to  the  extent  of  20  or  30  per  cent.  When  these 
drugs  are  administered  to  a  fevered  animal  it  is  true  that  the  meta- 
bolism is  diminished,  but  this  is  due  to  the  fall  of  temperature, 
and  always  comes  on  after  the  temperature  has  commenced  to  fall. 
There  is  no  reason  for  supposing  that  any  of  these  drugs  directly 
depress  metabolism,  and  no  part  of  their  antipyretic  action  is  due 
to  this  cause. 

It  may  be  noted  here  that  certain  other  effects  occur  in  the 
febrile  patient  as  a  result  of  the  fall  of  temperature,  and  not  from 
a  direct  action  of  the  drug.  The  pulse  becomes  stronger  and  slower, 
and  the  respiration  slower  and  easier. 

Action  on  the  Central  Nervous  System.— The  second  impor- 
tant action  of  these  drugs  is  on  the  nerve-centres,  though  what  the 
exact  nature  of  this  action  is  we  do  not  understand  at  present. 
They  produce  a  sUght  tendency  to  sleep  and  a  diminished  sensibiUty 
to  pam  ;  at  the  same  time  the  reflex  excitabiUty  of  the  cord  is 
slightly  diminished.  They  are  used  with  great  success  in  pain- 
ful conditions  such  as  neuralgia  and  headache.  These  hypnotics 
do  not  resemble  the  chloral  group  since  they  diminish  sensibility 
to  pam,  but  they  rather  simulate  some  of  the  opium  alkaloids  ; 
and  the  likeness  is  the  more  complete  since  with  larger  doses  they 
tend  to  produce  convulsant  effects  which  in  every  way  resemble 
those  produced  by  strychnine,  the  seat  of  action  being  mainly  the 
cord.  Later,  the  whole  of  the  central  nervous  system  becomes 
depressed  ;  collapse  follows,  the  skin  being  cyanotic  and  covered 
with  a  cold  sweat,  the  pulse  almost  imperceptible,  and  the  respira- 
tion very  shallow. 

Red  Blood-Corpuscles.— If  the  members  of  this  series  are  added 
to  drawn  blood  they  produce  no  effect  on  the  hcemoglobin  ;  this 
is  in  contrast  with  the  other  representatives  of  the  coal-tar  series. 
When,  however,  they  are  administered  to  the  living  animal  or  man 
they  induce  the  formation  of  methgemoglobin,  at  first  in  the  substance 
of  the  red  cell,  but  with  large  doses  the  metha;moglobin  is  set  free 
and  the  cells  remain  in  the  circulation  as  shrunken  and  colourless 
debns.  These  antipyretic  drugs  are  oxidised  in  the  body  to  para- 
OH 


amido-phenol 


or  an  allied  substance,  and,  in  proportion  as 


NH., 


this  body  is  jn'oduced,  metha?moglobin  is  formed.  Antipyrin 
differs  in  structure  from  the  other  members  of  the  series,  and  passes 
through  the  body  unchanged.  Antifebrin,  which  is  readily  oxi- 
dised, IS  much  more  toxic,  and  produces  methcemoglobin  much  more 
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readily  than  phenacetin,  which  undergoes  oxidation  more  slowly. 
From  this  it  is  easy  to  understand  why  methaemoglobin  is  not 
produced  when  the  drugs  are  added  to  drawn  blood. 

They  all  have  some  antiseptic  action,  although  it  is  not  suffi- 
ciently marked  to  make  them  of  much  practical  value  in  this  respect. 
Some  of  the  members  have  been  used  as  dusting  powders  for  wounds. 

The  action  on  the  heart  and  vessels  is  of  Httle  importance. 
All  the  coal-tar  series  slightly  quicken  the  beat.  This  is  a  peripheral 
effect,  probably  on  the  muscular  substance  of  the  heart,  for  it  is 
produced  on  the  excised  organ  which  is  being  artificially  perfused 
with  a  sahne  solution.  The  vessels  are  but  little  altered,  although 
the  artificial  perfusion  of  antipyrin  through  the  limbs  of  a  cat 
slightly  augments  the  flow  :  it  is  doubtful  whether  sufficient  drug 
is  ever  present  in  the  blood  of  an  intact  animal  to  produce  this 
effect.  After  the  administration  of  big  doses  the  heart  becomes 
slower. 

Idiosyncrasies. — Some  people  show  a  remarkable  idiosyncrasy 
to  these  drugs  :  if  they  are  administered  to  such  people,  even  in 
small  quantities,  they  lead  to  an  alarming  train  of  symptoms. 
With  large  doses  similar  symptoms  may  be  induced  in  all  people. 
The  following  are  the  more  important  of  these  : — Disturbances  of  the 
alimentary  canal,  as  shown  by  nausea  and  vomiting.  The  face 
becomes  livid  from  the  formation  of  methaemoglobin,  and  in  very 
severe  cases  blood  may  be  detected  in  the  urine.  The  skin  breaks 
into  a  profuse  perspiration,  and  erythematous  rashes,  resembhng 
those  of  scarlatina  or  measles,  may  develop  :  they  are  due  to 
alterations  in  the  peripheral  circulation.  The  most  serious  effects 
are  the  attacks  of  fainting  which  sometimes  occur,  and  collapse,  which 
has  been  the  cause  of  death  in  a  few  cases.  The  recorded  deaths 
from  collapse  have  generally  been  in  febrile  cases,  and  are  not 
solely  the  effect  of  the  drug  on  the  medulla.  If  one  lowers  the 
temperature  suddenly,  shivering  and  rigor  may  follow  from  an 
attempt  of  the  centre  to  increase  the  heat-production,  but  a  more 
serious  effect  may  occur  ;  by  the  removal  of  the  stimulus  of  fever 
the  partly  exhausted  nervous  and  circulatory  symptoms  may  show 
signs  of  failure,  and  so  induce  the  collapse  which  is  characterised 
by  very  shallow  respiration,  an  almost  imperceptible  pulse,  and 
subnormal  temperature. 

Excretion. — Antipyrin  is  excreted  in  the  urine  combined  with 
sulphuric  acid,  and  is  not  oxidised  in  the  body  ;  this  is  in  contrast 
with  the  other  members  of  the  series  which  are  oxidised  to  para-amido- 
phenol  or  an  allied  substance,  and  this  body  is  excreted  in  the  urine 
combined  with  either  glycuronic  or  sulphuric  acid.  The  glycuronic 
acid  reduces  Fehling's  solution,  but  the  reduction  is  not  due  to  sugar 
since  the  urine  will  not  allow  yeast  to  ferment.  These  oxidation 
products  in  the  urine  impart  to  it  a  smoky  tint,  although  this  may 
also  arise  from  methfemoglobin.  After  taking  antipyrin,  ferric 
chloride  colours  the  urine  red  ;    after  the  administration  of  the 
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other  members  of  the  series,  Fe2Clg  usually  gives  a  brownish 
tint. 

Differences  in  Action. — The  action  of  anti pyrin  varies  with 
the  dose  and  ceases  as  soon  as  the  drug  is  excreted.  The  princijDal 
objection  to  its  use  is  that  it  sometimes,  though  not  so  commonly 
as  antifebrin,  causes  untoward  symptoms,  especially  rashes.  Phen- 
acetin  is  much  the  safest  of  the  antipyretics,  as  it  possesses  only 
feeble  toxic  properties.  After  large  doses  it  may  give  rise  to  sweat- 
ing, but  cyanosis  or  rashes  are  never  observed.  It  is  especially 
valuable  as  an  analgesic.  Lactophenin  is  another  perfectly  safe 
preparation.  Antifebrin  is  less  soluble  but  cheaper  than  antipyrin. 
It  is  probably  the  most  toxic  of  all  these  bodies,  and  is  especially 
liable  to  produce  skin-rashes  and  collapse. 


MATERIA  MEDICA 

Phenazonum. — Antipyrine.    Dose,  5  to  20  grs. 
Acetanilidum.    Dose,  i  to  3  grs. 
Phenacetinum.    Dose,  5  to  10  grs. 

Non-Official 

Exalgin. 

Dose,  1  to  3  grs. 

Salt  pyrin — Containing  phenazone  and  salicylic  acid. 

Dose,  10  to  15  grs. 
Lactophenin,  Salophen,  PhenocoU  and  others. 


ANTISEPTIC  GROUP 

The  aromatic  bodies  included  in  this  group  are  characterised  by 
a  greater  toxic  action  on  all  forms  of  living  protoplasm  than  the 
antipyretic  members.  The  following  are  some  of  the  more  important 
members  in  common  use  : — 

OH  OH 


OH 


OH 


Phenol. 


jS-Naphthol. 


OH 
Resorcinol. 


OH 


Pyrocatechin. 


OH 


O.CH3 

Guaiticol. 
OH 

COOH 


OH 


COOH 


Benzoic  acid,  Salicylic'acid. 


COOC.H, 


Salol. 
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Carbolic  Acid 

Phenol  (CgHgOH),  commonly  known  as  carbolic  acid,  is  obtained 
from  coal-tar,  and  is  a  typical  member  of  the  antiseptic  group. 
When  pure  it  is  colourless,  and  if  on  exposure  to  air  it  becomes 
brown  it  shows  that  impurities  are  present.  It  is  not  an  acid,  but 
derives  its  name  from  its  interaction  with  strong  bases  to  form 
carbolates. 

CgHpH  +  NaHO  =  C^HpNa  +  H^O. 
Carbolic  acid.  Sodium  carbolate. 

Action  on  Protoplasm. — Very  minute  quantities  of  carbolic 
acid  increase  the  activity  of  undifferentiated  protoplasm,  as  may 
be  seen  in  protozoa,  spermatozoa  and  cilia.  Its  eEect  on  bacteria 
has  been  especially  studied,  as  it  was  one  of  the  drugs  introduced 
by  Lister  as  an  antiseptic.  It  has  a  greater  penetrating  power 
than  many  other  members  of  the  coal-tar  series  on  account  of 
its  volatility,  which  enables  it  the  better  to  exert  the  specific  effect 
on  protoplasm. 

A  I  per  cent,  solution  in  water  destroys  the  virulence  of  septic 
and  putrefactive  bacteria,  and  of  the  tubercle  bacillus  within  a  few 
minutes,  but  the  contact  must  be  continued  for  many  hours  to  kill 
the  organisms.  Spores  are  extremely  resistant,  and  Koch  found 
that  to  kill  anthrax  spores  a  5  per  cent,  solution  was  required  to  act 
for  two  days. 

Carbohc  acid  precipitates  proteids,  but  it  does  not  enter  into 
chemical  combination  with  them,  since  it  can  be  washed  out  from 
the  precipitate  which  remains  unaltered.  In  this  respect  it  presents 
analogies  to  the  precipitation  of  globuHns  by  alcohol  or  salts.  When 
it  is  applied  to  the  skin  it  produces  a  sensation  of  burning,  followed 
by  numbness,  and  the  skin  looks  white  and  opaque  from  the  pre- 
cipitation of  its  proteids.  Sometimes  use  is  made  of  this  local 
anesthetic  action  by  rubbing  carbolic  acid  on  the  skin  before  small 
operations,  such  as  opening  abscesses. 

Carbolic  acid,  taken  internally  in  large  doses,  causes  nausea  and 
vomiting,  but  in  smaller  amounts  it  is  used  as  a  gastric  antiseptic  ; 
it  is  jeadily  absorbed,  and  probably  circulates  in  the  blood  as 
C,.H5.0.S020H.  As  it  is  a  general  poison  to  all  protoplasm,  it 
produces  no  very  decided  specific  effects. 

Central  Nervous  System.— The  action  of  carbolic  acid  on  the 
brain  and  cord  resembles  in  broad  outhne  that  of  the  antipyretic 
drugs.  It  causes  a  primary  slight  narcosis,  followed  in  big  doses 
by  tremors,  spinal  convulsions,  and  collapse,  the  principal  difference 
from  the  antipyretic  drugs  being  that  collapse  is  brought  about 
much  more  readily  with  carbolic  acid.  In  the  early  stages  of 
poisoning  the  respiration  and  pulse  are  accelerated,  but  the  respira- 
tion soon  becomes  shallow  and  irregular  and  the  pulse  almost 
imperceptible — the  animal  passes  into  the  stage  of  collapse. 

The  effects  are  much  the  same  in  man  as  in  animajs.    The  con- 
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vulsions  are  particularly  well  seen  in  the  frog,  while  the  irregular 
contraction  of  muscles  is  more  common  in  mammals  ;  both  are  of 
spinal  origin.  In  man  convulsions  are  very  rare,  probably  because 
collapse  ensues  before  the  convulsant  stage  has  time  to  develop. 

Circulation  and  Respiration. — Carbolic  acid,  like  all  the  other 
members  of  the  coal-tar  series,  accelerates  the  heart  when  given  in 
small  doses,  but  with  larger  doses  the  heart  beats  slower  :  the 
action  is  a  peripheral  one  probably  on  muscle.  Respiration  is  at 
first  accelerated,  but  the  effect  is  of  little  importance,  and  is-  soon 
followed  by  a  weak  and  shallow  type  associated  with  medullary 
depression  and  collapse. 

Carbolic  acid  does  not  form  methsemoglobin  in  the  living  animal. 

The  antipyretic  action  is  due  to  its  effect  on  the  heat-regulating 
centre,  and  is  brought  about  by  an  augmented  loss  of  heat  from 
dilatation  of  the  skin-vessels.  After  large  doses  the  fall  of  tem- 
perature may  be  the  result  of  collapse. 

Symptoms. — A  large  dose  of  carbolic  acid,  therefore,  gives  rise  to 
intense  pain  in  the  stomach,  the  result  of  immediate  corrosion,  and 
leads  to  almost  immediate  collapse.  Supposing  that  a  smaller 
or  more  dilute  dose  has  been  taken  the  local  effect  is  not  sufficiently 
severe  to  produce  collapse,  and  the  carbolic  acid  will  be  absorbed. 
Such  a  dose  will  lead  to  burning  in  the  mouth  and  throat,  nausea 
and  vomiting,  followed  in  a  few  minutes  by  stupor,  deepening  rapidly 
into  insensibility.    Convulsions  are  rare. 

Excretion.— CarboHc  acid  is  excreted  in   the  urine  mostly  as 


phenyl  sulphuric  acid, 


O.SOjOH.     Some  is  also  excretejd  in 


combination  with  glycuronic  acid. 


A  very  small  amount  is  partially 

OH 


oxidised  to  pyrocatechin 


OH 
OH 


and  hydroquinone 


OH 


both  'of  which  are  excreted  also  in  combination  with  either  sulphuric 
or  glycuronic  acid.  On  account  of  the  presence  of  these  bodies, 
the  urine  has  a  smoky  tint  which,  from  their  further  oxidation, 
darkens  on  standing.  The  excretion  of  the  coal-tar  derivatives  in 
the  urine  produces  irritation  of  the  kidney,  and  sometimes  leads 
to  acute  nephritis,  which  shows  itself  by  the  presence  of  albumin 
casts  and  even  blood  in  the  urine  :  irritation,  indeed,  is  so  liable  to 
occur  that  this  class  of  drugs  should  be  administered  with  caution, 
especially  where  there  is  suspicion  of  renal  trouble. 

The  urine  after  carbolic  acid  will  often  reduce  Fehling's  solution 
owing  to  the  presence  of  glycuronic  acid.  The  amount  of  inorganic 
sulphate  is  diminished  as  determined  bv  barium  chloride.'  To 
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detect  the  carbolic  acid  the  urine  must  be  made  acid  and  distilled : 
to  the  distillate  ferric  chloride  gives  a  violet  colour,  bromine  water 
a  yellow  precipitate  from  which  needle-shaped  crystals  separate 
out,  and  Millon's  reagent  when  heated  causes  a  blood-red  coloura- 
tion. 

Carbolic  acid  appears  to  be  normally  produced  in  the  body 
probably  as  a  late  product  of  pancreatic  digestion,  and  Brieger  has 
found  that  if  big  doses  of  tyrosin  are  taken  internally  they  induce 
a  large  increase  in  the  phenol  excretion.  It  is  possible  that  phenol 
is  formed  in  the  intestine  b}^  fermentation. 

If  carbolic  acid  is  injected  slowly  into  the  vein  of  a  dog  the 
animal  shows  all  the  signs  of  collapse,  the  respiration  becomes 
extremely  shallow,  and  the  blood-pressure  drops  almost  to  zero. 
If  now  a  solution  of  sodium  sulphate  is  injected  the  animal  is  at 
once  relieved,  the  respiration  recovers,  and  the  pressure  quickly 
rises.  The  carbolic  acid  uses  up  all  the  available  sulphate,  and  by 
so  doing  renders  itself  comparatively  harmless  :  when  further 
acid  is  administered  the  severe  symptoms  at  once  come  on,  but  are 
relieved  by  the  admmistration  of  more  sulphate.  If  a  man  or 
animal  is  suffering  from  the  poisoning  of  carbolic  acid  the  condition 
may  be,  gauged  by  examining  the  urine.  In  severe  cases  all  the 
sulphates  will  be  used  up,  and  although  the  urine  will  contain  a 
great  excess  of  aromatic  sulphates,  yet  barium  chloride  gives  no 
precipitate,  showing  that  the  inorganic  sulphate  is  absent.  Such  a 
condition  is  serious,  and  at  once  necessitates  the  injection  of  sodium 
sulphate  either  subcutaneously  or  intravenously. 


SULPHOCARBOLATES 


Sodium  sulphocarbolate  is  the  sodium  salt  of  phenol  para- 
sulphonic  acid,  obtained  by  the  action  of  sulphuric  acid  on  phenol. 
It  is  soluble  in  five  parts  of  water. 


ONa 


SOgOH 


Sodium  sulphocarbolate. 


SO3.OH  SO,OH 
Zinc  sulphocarbolate. 


Zinc  sulphocarbolate  is  obtained  by  saturating  phenol  para- 
sulphonic  acid  with  zinc  oxide.  It  is  very  soluble  both  in  water  and 
alcohol.  Both  these  carbolates  act  like  carbolic  acid,  but  are  con- 
siderably less  poisonous.  The  sodium  salt  is  used  to  disinfect  the 
alimentary  canal ;  it  is  excreted  in  the  urine  unchanged.  Zinc 
sulphocarbolate  is  used  where  an  astringent  as  well  as  an  anti- 
septic action  is  required. 


CREOSOTE 
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MATERIA  MEDICA 
Acidum  Carbolicum,    Dose,  i  to  3  grs.  in  a  pill. 

'  Preparations 

1.  Acidum  Carbolicum  Liquef actum. 

Dose,  I  to  3  m. 

2.  Glycerinum  Acidi  Carbolici. 

3.  Suppositoria  Acidi  Carbolici. — i  gr.  in  eacH. 

4.  Trochiscus  Acidi  Carbolici. — i  gr.  in  each. 

5.  Unguentum  Acidi  Carbolici. 

Sodii  Sulphocarbolas.    Dose,  5  to  15  grs. 
Zinci  Sulphocarbolas. 


Creosote 

Creosote  is  obtained  from  wood-tar,  and  consists  of  a  mixture  of 
guaiacol,  creosol,  and  small  quantities  of  other  phenols. 


OH 


O.CH 


CH„ 


O.CH 


Guaiacol. 


OH 


Creosol. 


It  has  roughly  the  same  action  as  carbolic  acid,  but  is  less  irritant 
and  poisonous,  and  is  not  so  liable  to  induce  collapse.  Its  absorp- 
tion and  elimination  are  very  rapid  ;  in  the  urine  it  occurs  mainly 
as  the  sulphates  of  guaiacol  and  creosol,  but  a  small  portion  is 
partly  oxidised.  Creosote  is  employed  as  an  antiseptic,  in  which 
respect  it  surpasses  carbohc  acid. 


MATERIA  MEDICA 
Creosotum.    Dose,  i  to  5  m. 

Preparations 

1.  Mistura  Creosoti. — Containing  spirit  of  junipsr. 

Dose,  }  to  I  02. 

2.  Unguentum  Creosoti. 


Guaiacol 


Guaiacol  (Not  official) 


J  I 


OH 


O.CH. 


is  a  syrupy  liquid,  and  forms  60  to  90  per 


cent,  of  creosote.  It  has  much  the  same  action  as  creosote  ;  never- 
theless, as  a  germicide  it  is  said  to  be  inferior  both  to  creosote  and" 
carbolic  acid.    Dose,  i  to  5  m. 
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Resorcin.    Pyrocatechin.    Hydroquinone  (Not  official) 

These  resemble  one  another  closely  in  their  physiological  effects, 
but  resorcin  onlv  is  used  to  any  extent  in  medicine  :   it  can  be 
OH  OH  OH 


prepared  from 


OH 


OH 


benzene  as  a  white 


OH 


Pyrocatechin.  Resorcin.  Hydroquinone. 
crystalline  powder.  Resorcin  was  formerly  much  used  as  an  anti- 
septic, but  now  it  is  superseded  by  other  coal-tar  derivatives,  which 
are  less  poisonous  and  more  active  :  i  part  in  loo  prevents  putre- 
faction of  all  kinds.  Given  internally  its  action  is  the  same  as 
that  of  carbolic  acid  :  it  is  but  httle  employed  at  the  present 
time  on  account  of  the  ease  with  which  collapse  is  produced. 

The  three  dihydroxy  benzenes  have  the  same  pharmacological 
action,  which  differs  in  degree.  The  meta-deiivative  is  by  far  the 
weakest  and  the  para-  the  most  powerful. 

Resorcin  was  formerly  used  as  an  antipyretic.    Dose  3  to  8  grs. 


Pyrog.\li.ol  (Not  official) 


OH 


Pyrogallol 


OH 


OH 


occurs  as  light  colourless  crystals.    When  it 


is  injected  into  animals  it  produces  nervous  symptoms  like  those  of 
carbolic  acid.  It  has  a  very  marked  effect  on  the  blood  ;  methse- 
moglobin  is  formed,  gets  into  the  plasma,  and  leaves  the  red  blood- 
corpuscles  as  shrunken  and  angular  dSbris.  Jaundice  ensues,  and 
haemoglobin  and  methaemoglobin  are  excreted  in  the  urine.  Acute 
nephritis  generally  follows,  and  is  recognised  by  the  albumen, 
epithelium,  and  casts  in  the  urine.  Part  at  least  of  the  drug  is 
excreted  in  combination  with  sulphuric  acid  and  part  is  oxidised, 
giving  a  dark  colour  to  the  urine.  On  account  of  these  symptoms 
it  is  not  used  internally,  but  is  still  employed  externally  as  a  parasi- 
ticide, the  beneficial  effects,  no  doubt,  being  due  to  its  antiseptic 
and  mildly  irritant  properties. 

ICHTHYOL  (Not  official) 

Ichthyol  is  a  tarry  viscid  liquid,  an  ammonium  sulphonate  of  an 
oil  obtained  by  the  distillation  of  a  bituminous  mineral  found  in  the 
Tyrol.  It  contains  lo  per  cent,  of  sulphur.  When  applied  to  the 
skin  it  produces  mild  irritation,  and  is  used  in  ointments  as  a  stimu- 
lant. When  taken  by  the  mouth  its  value  is  doubtful,  but  it  is  not 
very  toxic.    Dose,  lo  to  30  grs. 


NAPHTHOL 
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Anilin  Dyes  (Not  official) 

Several  of  the  dyes  derived  from  anilin  have  been  employed  in 
medicine.  They  all  possess  some  antiseptic  action,  but  this  is  not 
of  a  very  marked  character,  being  less  effective  than  carbolic  acid. 
Methylene  blue  is  given  in  doses  of  i  to  4  grs. 


Naphthol 

Beta  naphthol  is  a  by-product  obtained  in  the  manufacture  of 
coal-gas.  It  occurs  as  a  white  powder,  soluble  in  alcohol  but  very 
slightly  soluble  in  water. 

OH 


a-Naphthol.  |3-Naphthol. 

It  was  introduced  as  a  germicide,  which  might  be  freely  taken 
internally  on  account  of  its  sHght  toxicity.  In  large  quantities 
the  naphthols  produce  symptoms  resembhng  those  of  carbolic  acid, 
and  during  excretion  give  rise  to  irritation  and  inflammation  of  the 
kidneys,  resulting  in  the  presence  of  albumin,  casts,  and  hjemoglobin 
in  the  urine.  /3-naphthol  is  much  more  active  as  a  germicide  than 
carbolic  acid.  It  is  principally  excreted  with  glycuronic  acid,  but 
a  small  amount  is  oxidised  giving  the  urine  a  reddish  tint.  It  is 
used  as  an  intestinal  and  cutaneous  antiseptic  ;  a-naphthol  is  stated 
to  be  more  poisonous  than  its  isomer. 

MATERIA  MEDICA 
Naphthol  (/3-naphthol).    Dose,  3  to  10  grs. 


Other  Coal-tar  Derivatives 


Cresols. 


"^\O.CH, 


Three   isomers    occur   in  creosote. 


They  are  excellent  germicides,  and  less  toxic  than  phenol.  They 
are,  however,  insoluble  in  water,  but  are  brought  into  solution  by 
soap  as  in  Creolin  (from  which  Jeyes'  disinfectant  is  made)  and 
Lysol.    Izal  is  a  milky  liquid  of  similar  composition. 


Naphthalin 


is  used  to  prevent  the  ravages  of  moths. 


In  doses  of  3  to  6  grs.  it  is  anthelmintic. 

Chinosol  is  the  potassium  salt  of  ox3'chinoline  sulphate. 
15  grs.  to  the  pint  are  said  to  equal  i  in  40  phenol. 


9 
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SALICIN.    SALICYTES.  SALOL 


Salicin  is  a  crystalline  glucoside  obtained  from  willows  and 
poplars.  On  hydrolysis  it  splits  up  into  glucose  and  salicylic  alcohol 
or  saligenin. 


Salicin.  C^Hj,0,^ 
+ ' 

Water.  OH 


O.C,H,.CH.,OH 
H 


C.H,,Op  Glucose. 

+ 

OH 


CH,OH  Saligenin. 


Salicylic  acid  forms  colourless  crystals,  soluble  in  500  parts  of 
cold  and  15  parts  of  hot  water.  There  are  two  varieties,  the 
"  natural  "  and  the  "  artificial."  The  former  variety  is  derived  from 
several  natural!}''  occurring  essential  oils  which  contain  the  methyl 
ester  of  salicylic  acid  :  the  oils  of  winter-green  and  sweet  birch 
are  the  two  which  serve  as  the  chief  commercial  sources  of  natural 
sahcyhc  acid,  and  they  consist  of-  about  gg  per  cent,  methyl  salicy- 
late. Salicylic  acid  is  obtained  from  these  by  saponification. 
OH  OH 


COO.CH, 


H-  KOH 


COOK 


+  CH3.OH 


Oil  of  winter-green.  Potassium  salicylate. 

Sjmthetic  or  artificial  salicylic  acid  is  prepared  by  the  interaction 
of  sodium  carbolate  and  carbon  dioxide. 

Pure  artificial  salicylic  acid  is  identical  with  the  natural  variety. 
Formerly  the  artificial  acid  was  apt  to  contain  impurities,  especiall}'^ 

OH 


para-oxybenzoic  acid. 


/OH 

and  the  cresols  C,H,<        >  which  pro- 
'  '\CH, 


COOH 

duced  unpleasant  effects  ;  but  it  can  now  be  obtained  practicallj- 
pure,  and  the  natural  variety,  on  account  of  its  greater  expense, 
is  rarely  employed. 

Salol  results  from  the  combination  of  phenol  with  sahcyhc  acid. 
It  is  nearly  insoluble  in  water  but  is  soluble  in  ten  parts  of  alcohol. 
Salol  is  saponified  by  alkahes. 

OH  OH  OH 


COOC.H. 


+  NaOH  = 


-1- 


COO.Na 


Salol.  Phenol.  Sodium  salicylate. 

Such  a  change  is  brought  about  in  the  living  body  in  the  duodenum. 


SALICYLATES 
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Action 

Salicylic  acid  has  the  same  type  of  action  as  carbohc  acid,  but 
it  is  much  less  poisonous  and  less  irritant  to  mucous  surfaces. 
It  is  a  valuable  antiseptic,  but  not  being  volatile  it  has  less  pene- 
trating power  than  carbolic  acid.  In  surgery  it  is  useful,  and  is 
less  irritating  to  wounds  than  phenol  :  0.15  per  cent,  prevents  the 
development  of  bacteria  in  most  organic  mixtures,  and  0.4  per 
cent,  kills  them.  On  account  of  their  slight  taste  and  freedom 
from  odour  the  salicylates  are  sometimes  added  to  beer,  wine  and 
milk  to  prevent  putrefaction.  Sahcyhc  acid  prevents  or  hinders 
the  action  of  enzymes,  thus  i  per  cent,  is  sufficient  to  check  the 
action  of  ptyalin  on  starch,  whilst  to  produce  this  effect  with  carbohc 
acid  a  10  per  cent,  solution  is  required.  On  undifferentiated  pro- 
toplasm the  action  is  like  that  of  quinine  ;  the  movements  of  plant 
protoplasm,  of  protozoa,  leucocytes  and  cilia  are  checked.  Salicy- 
lates behave  like  the  acid,  but  they  are  not  quite  so  effective. 

If  concentrated  salicyhc  acid  is  appUed  to  the  skin,  the  horny  cells 
are  softened  and  in  time  become  loosened  and  separated  from  the 
corium  without  any  inflammatory  changes  being  produced  :  the 
acid  is  therefore  used  to  remove  thickened  epidermis  such  as  one 
finds  in  warts. 

Alimentary  Canal. — When  taken  internally  the  acid  and  salts 
have  the  same  action.  They  are  much  less  irritant  to  the  stomach 
than  phenol,  and  are  sometimes  employed  as  antiseptics  where 
there  'is  gastric  fermentation.  The  sahcylates  are  reputed  to  be 
cholagogues,  increasing  both  the  secretion  and  salts  of  the  bile. 
This  is,  of  course,  a  specific  effect  after  absorption,  but  it  is 
doubtful  if  they  have  such  an  action,  and  in  any  case  it  is  slight 
and  not  comparable  with  the  cholagogue  effect  produced  bv  bile 
salts. 

Salicylic  acid  is  absorbed  very  rapidly,  and  circulates  in  the  blood 
as  salicylate  of  soda. 

Action  on  Metabolism  and  Temperature. — The  salicylates 
ncrease  the  excretion  of  urea  and  uric  acid.  The  elimination 
of  sulphur  is  also  considerably  augmented,  although  the  relationship 
between  its  excretion  and  that  of  nitrogen,  which  in  the  normal 
animal  is  fixed,  is  now  disturbed.  After  medicinal  doses  the 
nitrogen  and  sulphur  may  be  increased  by  about  10  per  cent.,  and 
the  uric  acid  often  shows  an  increase  of  50  per  cent.  It  has  been 
suggested  that  this  is  due  to  a  more  complete  elimination  of  the 
waste  products  from  the  tissues  ;  but  it  is  certainly  the  result  of 
increased  metabolism,  since  a  single  dose  produces  an  effect  lasting 
over  several  days,  too  long  to  be  accounted  for  by  a  more  efficient 
excretion. 

The  antipyretic  action  of  the  salicylates  is  pronounced.  About 
fifteen  minutes  after  administration,  "dilatation  of  the  skin-vessels 
and  profuse  perspiration  appear,  soon  followed  by  a  fall  of  teni- 
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peratui-e  The  reduction  is  apparently  due,  as  in  the  case  of  the 
other  coal-tar  products,  to  the  increased  loss  of  heat,  and  the  fall 
of  temperature  occurs  in  spite  of  the  augmented  metabolism. 
Salicylates  have  the  power  of  cutting  short  an  attack  of  acute  rheu- 
matism •  how  they  exert  this  "  specific  "  effect  is  not  known,  and 
it  is  likely  we  shall  remain  in  the  dark  until  we  understand  some- 
thing of  the  pathology  of  rheumatism.  It  may  be  mentioned, 
however,  that  a  few  authorities  regard  them  merely  as  analgesics 
and  not  as  specific  anti-rheumatic  drugs.  If  a  httle  salicylate  is 
injected  into  an  acutely  inflamed  rheumatic  joint,  the  result  is 
marvellous  :  the  patient  is  able  to  move  his  joint  and  the  pam 
disappears.    This  points  to  a  specific  action,  since  analgesia  is 

central.  .  , 

Salicylates  are  said  to  increase  the  number  of  leucocytes  circula- 
ting in  the  blood. 

Central  Nervous  System.— Salicylic  acid  has  much  less  ellect 
on  the  brain  and  cord  than  most  of  the  other  members  of  the  coal-tar 
series.  The  symptoms  of  poisoning  indicate  that  the  drug  m  large 
doses  acts  upon  the  cortex,  and  the  headache,  disturbances  of  vision 
and  hearing  are  probably  due  to  such  an  effect.  After  a  medicinal 
dose  there  is  an  initial  stimulation  of  the  medulla,  quite  insignificant 
in  character,  which  shows  itself  by  slight  quickening  of  the  respira- 
tion and  a  smaU  degree  of  vaso-constriction,  the  latter  tending 
to  augment  the  arterial  pressure.  After  poisonous  doses  death 
occurs  from  paralysis  of  the  medulla,  and  it  is  sometimes  preceded 
by  asphyxial  convulsions. 

Poisoning.— When  saUcyHc  acid  is  admimstered  to  man  in 
moderately  large  doses,  symptoms  develop  closely  resembhng  those 
of  cinchonism.    There  is  a  feehng  of  fulness  in  the  head,  hissing  or 
roaring  in  the  ears  sometimes  leading  to  deafness,  and  dimness  of 
vision  very  rarely  increasing  to  bhndness.    The  affections  of  the 
sense-organs  are  associated  with  vaso-motor  changes  ;  congestion 
of  the  tympanum  and  constriction  of  the  retinal  vessels  have  been 
described     The  skin  is  warm  and  covered  with  sweat  ;  there  are 
often  rashes  of  an  erythematous,  urticarial,  or  vesicular  nature, 
also  vascular  in  origin.    The  vaso-dilatation  of  the  vessels  of  the 
skin  and  tympanum  and  the  slight  constriction  of  other  vessels  is  not 
an  uncommon  occurrence  with  drugs,  and  is  due  to  a  central  action. 
Very  large  doses  of  most  coal-tar  derivatives  produce  irritation 
of  the  kidneys  ;  and,  after  giving  big  doses  of  salicylates,  the  urine 
becomes  albuminous  and  sometimes  even  contains  blood.  Extreme 
dyspncea  and  collapse  have  been  observed,  but  are  very  uncommon. 
The  mental  disturbances  pass  off  as  the  drug  is  excreted.    In  some 
people,  who  are  said  to  have  an  "  idiosyncrasy,"  the  mental  dis- 
turbance and  affection  of  the  sense-organs  are  produced  by  small 

doses  of  the  drug.  ^    ■  , 

Excretion.— The  salicylates  are  excreted  chiefly  m  the  urine  as 
salicyluric  acid,  a  compound  formed  by  the  combination  of  glycocoll, 
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OH 

CO.NH.CH,.COOH. 

CH,.NH,.COOH,  with  salicylic  acid. 


The  synthesis  of  this  substance,  as  in  the  case  of  the  analogous 
body  hippuric  acid,  occurs  in  the  kidney  :  a  httle  sodium  sahcylate 
passes  through  the  kidneys  unchanged.  The  green  colour  of  the 
urine,  which  is  characteristic  after  the  administration  of  large  doses 
of  salicyhc  acid,  is  due  to  the  formation  of  traces  of  pyrocatechin 

OH 

and  other  partially  oxidised  substances. 


Salicin,  administered  by  the  mouth,  is  converted  into  sahcylic 
acid  in  the  stomach  and  intestines.  It  is  less  irritant  to  the  mucous 
membranes  than  the  sahcylates,  and  its  action  is  feebler.  The 
urine  contains  not  only  sahcyluric  acid  and  salicylic  acid  but  also 
a  small  amount  of  salicyl  alcohol  (saligenin)  and  a  considerable 
amount  of  salicin. 

Salol  has  no  action  on  the  mouth  or  stomach ;  it  is  decom- 
posed in  the  intestines  to  sahcylic  and  carbolic  acids.  It  has  been 
employed  in  the  diagnosis  of  pyloric  obstruction  :  when  this  con- 
dition obtains  there  is  delay  in  the  salol  reaching  the  small  intestine, 
and  hence  the  time  is  prolonged  before  salicyhc  acid  can  be  detected 
m  the  urine.  Salol  is  also  employed  as  an  intestinal  antiseptic, 
but  the  putrefaction  in  the  bowels  as  measured  by  the  amount  of 
indican  in  the  urine  remains  unchanged.  The  formation  of  the 
carbolic  acid,  which  is  much  more  toxic  than  salicylic  acid,  must 
not  be  overlooked,  and  salol  should  be  administered  with  caution  : 
during  excretion  it  is  apt  to  produce  irritation  of  the  kidneys. 

Other  compounds  of  salicylic  acid  are  continually  being  put  on 
the  market,  but  they  possess  little  advantage  over  the  official 
remedies.  Aspirin  is  a  combination  of  salicylic  and  acetic  acids  ; 
it  undergoes  decomposition  in  alkaline  fluids  of  the  duodenum  with 
the  liberation  of  salicylic  acid.  Salacetol  is  the  salicyhc  ester  of 
acetone  alcohol ;  it  also  undergoes  decomposition,  liberating  salicylic 
acid  in  alkaline  solution. 

MATERIA  MEDICA 

Salicinum.    Dose,  5  to  20  grs.    Sohible  to      per  cent,  in  water. 
Acidum  Salicylicum.    Dose,  5  to  20  grs.    SoUible  i  in  500  in  water. 

I^RICI'ARATION 

Unguentum  Acidi  Salicylici. — i  in  50. 
Sodii  Salicylas.    Dose,  10  to  30  grs.    Very  .sohihlc  in  water. 
Salol.    Dose,  5  to  15  grs. 
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Aspirin.    (Not  official.)    Salicylo-acetic  acid,  used  in  doses  of  lo  to 

Benzoic  and  Cinnamic  Acids 

Benzoic  acid  (C^H^.COOH)  is  obtained  from  (i)  benzoin,  (2)  tol- 
uene, (3)  hippuric  acid.  It  occurs  as  colourless  crystals  soluble  in 
400  parts  of  cold  and  17  parts  of  hot  water. 

Benzoin  is  a  resin  from  Styrax  benzoin.  It  contains  about  20  per 
cent,  each  of  benzoic  acid  and  cinnamic  acid,  although  some  varieties, 
such  as  those  from  Siam,  contain  as  much  as  40  per  cent,  benzoic  acid 
and  no  cinnamic  acid. 

Balsam  of  Peru  is  the  product  of  Myroxylon  pereirce.  The  chief 
constituent  is  cinnamein,  present  to  about  60  per  cent.,  and  an 
aromatic  oil  which  consists  chiefly  of  benzyl  benzoate,  but  also 
contains  benzyl  cinnamate. 

Balsam  of  Tolu  is  obtained  from  the  trunk  of  Myroxylon  tolmfera. 
It  contains  12  to  15  per  cent,  of  free  cinnamic  acid  and  about 
8  per  cent,  of  cinnamein. 

Cinnamic  acid  (C^Hs  -  CH  =  CH  -  COOH)  is  obtained  by  the 
oxidation  of  oil  of  cinnamon.    It  is  only  slightly  soluble  in  water. 

Action 

Benzoic  acid  has  an  action  very  similar  to  that  of  salicyhc  acid. 
It  is  an  even  more  powerful  antiseptic,  for  the  presence  of  a  o.i  per 
cent,  inhibits  the  growth  of  bacteria,  and  the  salts  are  nearly  as 
active  as  the  free  acid. 

Taken  internaUy  benzoic  acid  is  rapidly  absorbed  ;  it  does  not 
produce  the  symptoms  of  cinchonism,  for  even  large  doses  cayse 
only  shght  gastric  irritation,  and  there  are  no  sense-organ  affections 
so  common  after  taking  salicylates.  Like  all  coal-tar  derivatives  it 
induces  a  small  acceleration  of  the  heart,  followed  after  very  large 

doses  by  some  slowing.  ^■^  -u 

Metabolism.— On  metabohsm  the  benzoates  behave  like  the 
salicylates.  They  increase  the  nitrogenous  elimination  from  the 
kidneys  by  augmenting  tissue  break-down.  The  polymorpho- 
nuclear leucocytes  are  increased,  but  the  significance  of  this  fact  is 
unknown.  Benzoic  acid  is  frequently  used  on  the  supposition 
that  it  makes  the  urine  more  acid  ;  but  this  is  not  the  case.  It 
may,  of  course,  render  the  urine  more  acid  where  there  is  ammoniacal 
fermentation  in  the  bladder,  but  this  is  an  antiseptic  action  and  not 
due  to  an  increased  excretion  of  acid. 

Excretion.— Benzoic  acid  is  ehminated  by  the  kidneys  com- 

/\  CO.NH.CH0.COOH. 

bined  with  glycocoll  as  hippuric  acid 

This  change  is  brought  about  mainly  in  the  kidneys,  for,  if 
glycocoll  and  benzoic  acid  are  perfused  by  an  artificial  circulation 
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through  the  excised  kidney,  hippuric  acid  results.  Hippuric  acid 
IS  certainly  not  formed  to  any  extent  in  other  organs,  as  moderate 
amounts  injected  into  the  blood  cause  severe  symptoms  which 
cannot  be  obtained  with  benzoic  acid.  A  further  proof  is  seen  in 
the  fact  that  no  hippuric  acid  is  found  in  the  body  if  the  renal 
arteries  are  tied,  whilst  occlusion  of  the  ureters  in  no  way  interferes 
with  the  change. 

The  urine  contains  less  aromatic  sulphate  and  indican,  and  this 
IS  regarded  as  evidence  of  diminished  putrefaction  in  the  intestines, 
the  result  of  the  antiseptic  action  of  the  drug.  A  small  amount  of 
unchanged  benzoic  acid  and  a  little  glycuronic  acid,  occasionally 
sufficient  to  reduce  FehHng's  solution,  may  also  be  detected  in  the 
urine. 

Cinnamic  acid  is  a  powerful  antiseptic,  and  has  a  pharmacological 
action  similar  to  that  of  benzoic  acid.  It  augments  slightly  the 
number  of  the  polymorpho-nuclear  white  blood-corpuscles  in  the 
circulation  after  subcutaneous  injection  into  rabbits,  but  when  it 
IS  given  by  the  mouth  to  man  leucocytes  are  not  affected.  It  has 
been  much  vaunted  as  a  cure  for  tuberculosis,  and  after  its  injection 
changes  are  stated  to  take  place  round  tuberculous  foci  exactly 
comparable  with  those  which  are  observed  during  spontaneous  cure. 
The  sodium  salt  is  soluble,  and  has  been  put  on  the  market  under 
the  name  of  hetol. 

MATERIA  MEDICA 

Benzoinum. 

Preparations 

1.  Adeps  Benzoatus. — Benzoated  lard. 

2.  Tinctura  BenzoiniComposita.— Friar's  balsam.    Benzoin,  Balsam 

of  tolu,  Socotrine  aloes. 
Dose,  1  to  I  dr. 

Acidum  Benzoicum.    Dose,  5  to  15  grs.    Soluble  i  in  400  in  water. 

Preparations 

1.  Trochiscus  Acidi  Benzoici. — J  gr.  in  each. 

2.  Tinctura  Camphorae  Composita.    See  Opium. 

3.  Tinctura  Opii  Ammoniata.    See  Opium. 

Ammonii  Benzoas.    Dose,  5  to  15  grs.    Very  soluble  in  water. 
Sodii  Benzoas.    Dose,  5  to  30  grs.    Very  soluble  in  water. 


CHAPTER  XVII 


Drugs  Acting  Locally  on  the  Alimentary  Canal 
Purgatives.    Astringents.    Bitters.  Charcoal 

PURGATIVES 

Purgatives  are  drugs  used  to  produce  evacuation  of  the  bowels. 
They  act  by  hastening  the  normal  peristaltic  movements  and  by 
increasing  the  fluid  contents  of  the  intestines.  The  more  vigorous 
peristaltic  contractions  frequently  give  rise  to  cohcky  pains  and 
gurgling. 

It  will  be  convenient  to  describe  first  the  vegetable  purgatives. 
Clinicians  have  divided  them  into  three  groups  :  drastics,  purga- 
tives and  laxatives,  the  activity  being  in  the  order  stated,  but  the 
groups  gradually  merge  into  one  another,  and  there  is  no  sharp  hue 
of  demarcation;  thus,  an  excessive  dose  of  a  laxative  produces 
purgation,  whilst  a  very  large  dose  of  a  purgative  drug  will  induce 
a  drastic  action. 

Purgatives  as  a  whole  can  be  classed  best  according  to  the  follow- 
ing schedule  : — 

Classification  of  Purgatives 
/. — Mineral 

(1)  5a/mes.— Sodium  sulphate,  magnesium  sulphate,  sodium 
phosphate,  potassium  tartrate,  acid  potassium  tartrate,  sodium 
ta,rtrate,  potassium  citrate,  Uthium  citrate,  magnesium  oxide,  mag- 
nesium tartrate. 

(2)  Salts  of  mercury. — Calomel. 

II. — Vegetable 

(1)  Laxatives.    Prunes,  figs,  tamarinds,  cassia,  manna. 

(2)  Oils.— Castor  (ricinoleic  acid),  croton  oil  (resin). 

(3)  Anthracene  Group  : 

Rhubarb  (chrysophanic  acid  and  emodin) 
Senna  (chrysophanic  acid  and  cathartic  acid). 
Aloes  (aloin). 

Cascara  (emodin  and  frangulic  acid). 

(4)  Drastic  Group  : 

Jalap  (jalapin  and  scammonin). 
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Scammony  (scammonin). 
Elaterium  (elaterin). 

Podophyllum  (podophyllotoxin  and  podophylloresin). 
Colocynth  (colocynthin). 
Euonymus  (euonymin). 
Gamboge  (gambogic  acid). 

Vegetable  purgatives  have  been  described  as  acting  in  two 
principal  ways  :  (i)  by  increasing  the  force  and  rapidity  of  the 
normal  peristaltic  movements,  hurrying  the  food  along,  and  not 
allowing  sufficient  time  for  the  absorption  of  Hquid ;  and  (2)  by 
increasing  the  secretion  of  fluid  from  the  intestinal  walls. 

The  origin  of  the  fluid  of  the  diarrhoeic  stool  has  been  a  subject 
of  much  discussion.    Thiry  performed  a  number  of  experiments 


Fig.  69. — Diagram  of  Moreau's  Experiment. 

In  this  case  the  intestine  of  an  animal  was  ligatured  so  as  to  form  three  loops,  andleavini;  the 
blood-stipply  intact.  B  received  one-fifth  m.  croton  oil,  and  A  and  C  as  controls  each 
received  an  injection  of  water.  Three  hours  later  B  was  found  filled  with  fluid  which  was 
inflammatory  in  nature. 


with  an  intestinal  fistula.  He  separated  a  piece  of  small  intestine 
leaving  its  blood-supply  intact,  closed  one  end,  and  stitched  the 
other  end  to  the  skin.  The  two  severed  ends  of  gut  were  then  fixed 
together  so  that  the  alimentary  canal  was  continuous,  and  the  small 
isolated  portion  of  it  (the  Thiry  fistula)  may  be  regarded  as  a  sort  of 
test-tube  into  which  we  can  put  drugs  and  .see  the  effect  on  the 
mucous  membrane.  If  a  small  quantity  of  a  vegetable  purgative  is 
placed  in  this  fistula  no  secretion  of  fluid  follows,  although  a  little 
secretion  is  induced  by  rubbing  the  mucous  membrane  with  a 
feather.  This  would  appear  to  show  that  secretion  from  the 
intestines  induced  by  vegetable  jiurgatives  is  of  no  importance. 

Morcau  devised  another  method  of  experiment.  He  tied  four 
ligatures  round  the  small  intestine  of  an  an;csthetiscd  animal, 
the  ligatures  being  about  five  inches  from   one  another;  three 
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loops  of  gut  were  thus  enclosed.  Into  each  loop  a  few  drops  of 
fluid  are  injected  by  means  of  a  fine  needle,  that  into  the  central 
loop  containing  the  purgative  to  be  tested.  The  loops  are  returned 
to  the  abdomen,  and  the  animal  is  kept  anaesthetised  for  about 
four  hours,  when  it  is  killed.  The  central  loop  B  is  now  found  to 
be  more  or  less  filled  with  fluid,  whilst  the  lateral  loops  A  and  C, 
which  serve  as  controls,  are  empty  (Fig.  6g).  These  experiments 
have  been  adduced  as  evidence  that  purgatives  stimulate  the 
secretion  of  fluid  from  the  intestines.  An  examination  of  this 
fluid  invariably  shows  that  it  is  inflammatory  in  nature,  that  is, 
it  contains  a  large  percentage  of  proteid,  and  is  teeming  with  granular 
leucocytes.  But  the  fluid  obtained  from  the  filtered  diarrhoeic 
stools  has  none  of  the  characters  of  an  inflammatory  exudation  ; 
it  contains  httle  proteid,  has  a  large  percentage  of  common  salt, 
and  can  digest  starch.  We  have  so  far,  then,  failed  to  produce 
adequate  evidence  of  the  stimulant  action  of  purgatives  on  the 
secretory  glands  of  the  intestines.  What,  then,  is  the  origin  of  the 
increase  of  fluid  of  the  faeces  after  taking  a  vegetable  purgative  ? 

It  is  completely  explained  by  the  increased  rate  of  peristalsis 
which  hurries  along  the  normal  secretions  from  the  liver,  pancreas 
and  intestines,  giving  insufficient  time  for  their  absorption  ;  and, 
moreover,  the  composition  of  these  normal  intestinal  juices  roughly 
corresponds  with  the  fluid  found  in  the  fasces. 

It  should  not  be  forgotten  that  inflammatory  transudation  from 
the  intestines  may  result,  especially  after  large  doses  of  purgatives 
belonging  to  the  drastic  group.  This  effect  is  the  same  as  that 
which  is  obtained  on  any  other  mucous  surface  or  the  skin  by  the 
action  of  irritants  ;  it  is  shown  here  by  the  tenderness  of  the  abdo- 
men, redness  and  congestion  of  the  mucous  membrane,  and  exuda- 
tion of  a  muco-purulent  fluid  which  is  often  blood-stained.  In 
the  case  of  the  intestines,  such  an  effect  is  never  one  to  be  desired 
for  therapeutic  purposes. 

The  increased  peristalsis  is  caused  by  direct  irritation  of  the  in- 
testines. The  epithelial  cells  appear  to  take  up  a  minute  amount 
of  the  irritant  drug,  which  acts  as  a  powerful  stimulus  to  the  periph- 
eral sensory  endings  in  these  cells.  A  local  reflex  occurs  through 
the  nerve-cells  in  Auerbach's  plexus,  leading  to  augmented  peri- 
stalsis (Fig.  71).  The  reflex  is  a  local  one,  since  irritant  purgatives 
increase  the  peristalsis  of  an  isolated  loop  of  gut.  And  the  effect 
is  not  specific,  as  very  little,  if  any,  of  the  active  substance  is  ab- 
sorbed into  the  system.  Nevertheless,  certain  of  the  vegetable 
purgatives  augment  peristalsis  when  injected  subcutaneously  or 
intravenously.  Such  is  the  case  with  senna,  aloin,  colocynth  and 
podophyllotoxin  ;  this  effect  could  only  be  produced  if  either  t\\Qy 
acted  in  a  specific  fashion  through  the  circulation  or  were  excreted 
into  the  gut,  and  so  caused  their  ordinary  irritant  action.  Both 
these  effects  probably  occur,  ])ut  especially  the  latter.  This  can 
be  illustrated  by  injecting  some  cathartic  drug  subcutaneously 
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into  a  cat  or  dog,  when  jjurging  occurs  in  from  hall  to  two  hours, 
sometimes  accompanied  by  vomiting.  If  the  animal  is  killed  four 
or  hve  hours  later,  the  intestine  from  the  jejunum  to  the  rectum 
is  found  inflamed,  and  from  the  lumen  the  purgative  drug  can 
be  extracted  by  chemical  means.  Every  irritant  substance  injected 
under  the  skin  behaves  as  a  purgative. 

The  vegetable  purgatives  vary  in  the  time  they  require  for  their 
action,  but  it  is  generally  from  five  to  ten  hours.  Large  quantities 
of  certain  very  powerful  purgatives,  such  as  croton  oil,  may  act 
within  two  hours,  whilst  others,  such  as  podophylhn  and  aloes, 
take  as  long  as  twelve  hours. 

The  presence  of  bile  is  important  for  the  action  of  some  purgatives. 
Thus,  podophylhn,  jalap,  rhubarb  and  senna  lose  most  of  their 
activity  when  the  bile  duct  is  clamped.  The  bile  apparently  acts 
by  altering  their  solubility,  because  if  they  are  administered  along 
with  soaps  their  activity  returns. 

Besides  these  effects  on  the  alimentary  canal  the  vegetable 
purgatives  have  certain  secondary  actions.  They  increase  refiexly 
the  peristaltic  movements  of  the  uterus,  and  so  are  emmenagogues  ; 
whilst  large  doses  of  drastic  purgatives  administered  to  pregnant 
women  may  induce  abortion.  ^ 

Purgation  lowers  the  blood-pressure,  first,  by  withdrawing  a 
quantity  of  fluid  from  the  system  which  would  otherwise  be  ab- 
sorbed and  excreted  in  the  urine;  and,  secondly,  by  reHeving 
pressure  on  the  abdominal  veins.  The  vegetable  purgatives  should 
not  be  absorbed ;  but,  if  absorption  occurs  as  the  result  of  some 
abnormal  condition,  inflammation  of  the  kidneys  occurs,  and  is  asso- 
ciated with  pain  in  the  back  and  the  typical  urinary  signs  of  acute 
nephritis. 

Action  of  Saline  Purgatives 

Saline  purgatives  act  in  an  entirely  different  manner  from  the 
vegetable  purgatives  in  that  their  local  irritant  action  on  the  bowel 
IS  msignificant.  It  was  formerly  taught  that  saline  purgatives 
excited  more  or  less  secretion  from  the  alimentary  canal,  while  the 
low  diffusibility  of  the  salt  impeded  the  absorption  of  the  secreted 
fluid  :  it  was  therefore  recommended  that  salines  should  be  given 
in  concentrated  solution.  That  this  is  wrong  is  shown  from  the 
fact  that  the  purgative  action  of  the  various  salts  is  in  no  way 
proportional  to  their  endosmotic  equivalent. 

Saline  substances  are  not  absorbed  at  the  same  rate  ;  some  are 
rapidly  taken  up  from  the  stomach  and  small  intestines,  and  others 
more  slowly,  so  that  they  may  reach  the  large  intestine  before  any 
appreciable  absorption  has  occurred.  The  kations  potassium, 
sodium  and  lithium  are  absorbed  about  equally  rapidly  from  the 
small  intestine,  calcium  more  slowly,  and  magnesium  the  slowest 
of  all.  Of  the  anions,  chlorides  are  the  most  rapidly  absorbed, 
then  follow  bromides,  iodides,  nitrates,  and,  lastly,  sulphates,  the 
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latter  being  excreted  almost  entirely  by  the  rectum.    Now  the 
cathartic  action  of  an  ion  depends  on  the  time  required  for  its 
absorption.    The  slower  the  absorption  the  greater  is  the  purgative 
effect ;   for  example,  both  ions  in  potassium  chloride  are  rapidly 
absorbed,  and  the  salt  is  not  cathartic.    Magnesium  chloride  is, 
however,  an  active  purgative,  and  the  cathartic  action  in  this  case 
must,  therefore,  depend  on  the  kation,  as  the  CI  ion  has  already 
been  shown  to  be  inactive.    But  catharsis  can  also  be  obtained 
with  the  anion,  because  such  substances  as  sodium  sulphate  and 
potassium  tartrate  are  purgatives,  although  neither  the  potassium 
nor  sodium  produces  the  effect.    It  is  obvious  from  these  facts 
that  magnesium  sulphate  should  be  an  excellent  cathartic,  because 
in  this  body  neither  ion  is  rapidly  absorbed  and  both  are  free  to 
exert  their  effect.     As  the  result  of  their  being  non- absorbable 
these  soluble  salts  exert  their  osmotic  properties.    First,  they 
increase  the  amount  of  hquid  in  the  ahmentary  canal.  Thus, 
if  an  isotonic  solution  of  magnesium  sulphate  is  injected  into  a 
loop  of  intestine  (Fig.  69)  very  little  absorption  or  secretion  goes  on, 
and  in  three  hours'  time  the  same  amount  of  salt  and  fluid  can  be 
obtained.    In  stronger  solutions  they  are  the  means  of  withdrawing 
fluid  from  the  surrounding  tissues.    This  can  be  shown  also  by  the 
loop  of  Moreau  :  the  fluid,  however,  so  exuded,  is  not  an  exudation 
from  the  vessels,  for  it  contains  no  proteid,  and  the  effect  is  entirely 
osmotic.    The  presence  of  these  salts  in  the  gut  prevents  the 
absorption  of  fluid,  which  would  othe:-wise  be  taken  up  by  the 
tissues,  and  hence  a  much  larger  amount  of  liquid  wiU  reach  the 
large  intestine,  and  the  contents  of  the  bowel  will  necessarily  be 
more  fluid.    This  increase  in  the  fluid,  and  the  consequent  distension, 
will  produce  some  increased  peristalsis,  which  is  secondary  to  the 
retarded  absorption  and  not  the  result  of  irritation. 

It  must  be  noted  that  although  isotonic  and  hypotonic  solutions 
of  cathartic  salts  will  act  as  purgatives  by  retarding  absorption, 
yet  it  is  only  hypertonic  solutions  which  extract  water  from  the 
blood,  and  these  salts  may  fail  to  purge  if  the  blood  and  tissues 
contain  very  little  fluid,  as  has  been  shown  in  the  case  of  animals 
which  have  been  deprived  of  water  for  a  few  days  previously; 
on  the  contrary,  where  large  quantities  of  fluid  are  present  in  the 
system,  as  in  dropsy,  the  sahne  cathartics,  especially  when  ad- 
ministered in  a  concentrated  form,  drain  the  water  indirectly 
through  the  blood  into  the  bowel. 

An  attempt  has  been  made  to  explain  the  selective  action  of  the 
intestinal  epithelium  in  allowing  certain  ions  to  permeate  freely 
and  refusing  admission  to  others,  by  the  fact  that  the  purgative 
ions  have  a  greater  tendency  to  precipitate  proteids  and  less  ten- 
dency to  permeate  into  unorganised  colloids  than  most  of  the  non- 
purgative  salts. 

Before  leaving  the  subject  of  saline  purgatives,  it  should  be  noted 
that  magnesium  sulphate,  injected  subcutaneously  in  small  doses 
(5-10  grs.),  produces  a  cathartic  action.    This  effect  bears  no 
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relationship  to  saline  action,  but  is  caused  by  the  irritant  action  of 
the  magnesium  during  its  excretion  into  the  gut. 


Castor  oil  is  obtained  by  expression  from  the  seeds  of  Ricinus 
communis.  It  is  principally  composed  of  a  mixture  of  the  glycerides 
of  ricinoleic  acid  and  its  isomer.  Ricinoleic  acid  is  responsible  for 
the  purgative  effect,  but  no  acid  is  present  in  normal  oil,  and  it  is 
not  till  it  has  been  saponified  in  the  duodenum  that  its  action  is 
exerted.  This  substance  is  probably  a  hydroxyl  derivative  of  oleic 
acid,  and  has  the  formula  q7H3,(OH).COOH.  Like  olive  oil  it 
may  be  used  as  an  emollient.  Ricinone,  a  purgative  substance,  and 
ricin,  a  poisonous  proteid,  are  contained  in  the  seed,  but  neither  occurs 
in  the  oil.  If  the  oil  is  saponified  before  being  given  by  the  mouth 
the  effect  of  the  free  acid  is  obtained  immediately,  and  an  action 
apparently  different  from  that  of  the  oil  is  obtained  :  it  is  acrid  and 
unpleasant  to  the  taste,  and  nausea  and  vomiting  may  result  from 
its  direct  action  on  the  stomach.  Castor  oil  may  be  given  in  large 
quantities  without  producing  any  symptoms  save  those  of  a  laxa- 
tive. 

Croton  oil  is  obtained  by  expression  from  the  seeds  of  Croton 
tiglhini.  It  consists  of  a  mixture  of  various  free  fatty  acids  and 
their  glycerides.  The  active  ingredient  is  a  resinous  body,  C^gH^sO^, 
croton  resin,  which  is  a  powerful  vesicant.  Croton  oil  is  infinitely 
more  toxic  than  castor  oil,  one  minim  being  a  full  dose  for  a  man, 
and,  as  its  active  ingredient  is  free  in  the  oil,  it  obviously  exerts  its 
effect  on  the  stomach  as  well  as  the  intestines. 


Anthracene  purgatives  form  a  distinct  group,  and  include  rhubarb, 
senna,  aloes  and  cascara.  They  are  mild  in  action,  and  never 
produce  the  acute  inflammation  of  the  intestines  which  is  so  marked 
a  feature  of  excessive  doses  of  the  drastic  group.  These  bodies  are 
mainly  derived  from  anthraquinone  by  the  substitution  into  the 
ring  of  OH  and  CH3  groups. 


Purgative  Oils 


Anthracene  Purgatives 
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Each  of  the  drugs  mentioned  contains  a  number  of  these  bodies 
all  more  or  less  related  to  one  another.  A  small  percentage  of  the 
anthracene  purgatives  is  absorbed  from  the  intestines  into  the 
blood  and  is  excreted  by  the  urine,  to  which  some  of  them,  rhubarb 
and  senna,  impart  a  yellowish-brown  colour,  which  turns  purpHsh- 
red  when  alkah  is  added.  The  fact  that  with  large  doses  the  absorp- 
tion may  be  considerable,  even  leading  to  inflammatory  conditions 
of  the  kidney,  is  the  principal  drawback  to  the  use  of  this  group, 
for  otherwise  they  possess  ideal  purgative  properties,  in  that  they 
have  little  effect  on  the  stomach  and  do  not  give  rise  to  inflammatory 
conditions  in  the  small  intestines. 

A  number  of  synthetic  anthracene  bodies  have  of  late  years  been 
suggested  as  substitutes  for  the  crude  drugs,  but  experimental 
results  with  these  substances  show  httle  to  recommend  them, 
much  of  their  purgative  action  is  lost,  whilst  their  absorption  is 
increased  ;  for  example,  aloin  is  not  so  effective  as  aloes,  and 
chrysophanic  acid,  when  pure,  is  no  longer  a  purgative  owing  to 
its  very  rapid  absorption. 
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Anthrapnrpurin.  Phenolphthalein. 


Purgatin  is  the  diacetate.  Purgen. 

Purgatin  produces  semi-solid  motions  in  from  eight  to  twelve 
hours  after  doses  of  25  grs.  It  also  causes  back-ache  and  stains 
the  urine  red.  Purgen  (phenolphthalein),  dose  i  to  7  grs.,  causes 
loose  motions  in  from  four  to  six  hours.  Unhke  purgatin  it  is  not 
absorbed  in  appreciable  amounts. 

Rhubarb  is  the  dried  root  of  Rheum  palmatum.  It  contains  a  large 
number  of  anthracene  bodies,  especially  chrysophanic  acid,  emodin, 
and  a  body  closely  resembling  the  cathartic  acid  of  senna,  to  which 
its  purgative  action  is  mainly  due.  Besides  these  there  is  a  consider- 
able amount  of  tannin  present,  which  is  said  to  be  responsible  for  the 
constipation  that  usually  follows  the  effect  of  the  drug.  A  small 
amount  of  -  the  anthracene  bodies  is  absorbed  and  secreted  in  the 
urine,  staining  it  yellow,  which  turns  to  red  on  the  addition  of  alkali. 

Senna. — The  dried  leaflets  of  Cassia  acuiifolia.  The  drug  contains 
several  anthracene  bodies,  including  emodin,  chrysophanic  acid  and 
cathartic  acid,  and  to  this  last  the  purgative  action  is  mainly  due. 
Cathartic  acid  is  probably  not  a  pure  substance,  but  it  has  been 
given  the  provisional  formula  C,|„H.,„NO,j.  The  urine  is  stained  yellow. 
Senna  does  not  cause  subsequent  constipation  like  rhubarb. 

Cascara  is  the  dried  root  of  Rhamnus  purshianus.  Emodin  and 
frangulic  acid  are  the  principal  anthracene  constitutents.  The  drug 
slowly  loses  its  purgative  properties  on  keeping.  One  advantage  of  its 
use  is  stated  to  be.  that  continually  increasing  doses  are  not  required. 
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Aloes  is  obtained  by  evaporating  the  juice  which  flows  from  the 
transversely  cut  leaves  of  various  species  of  Aloe.  Some  is  imported 
from  Barbadoes  and  Cura^oa,  and  another  variety  from  Socratine  and 
Zanzibar;  but  the  main  effect  of  the  drug  wherever  obtained  is  the  same. 
The  bitter  crystaUine  principles  obtained  from  all  species  of  aloe  are 
known  under  the  generic  name  of  aloin,  and  this  consists  of  a  number 
of  anthracene  derivatives  which  have  not  yet  been  completely  identified. 
The  purgative  action  is  increased  by  the  simultaneous  administration 
of  small  quantities  of  alkaUne  salts  and  of  iron.  Aloes  will  not  produce 
an  efficient  action  in  the  absence  of  bile,  and  an  enema  of  aloes  is  without 
action  unless  bile  is  also  injected;  but  certain  other  bodies,  such  as 
glycenn,  which  also  exert  a  solvent  action,  may  be  efficiently  substituted 
for  the  bile. 

Drastic  Purgatives 

These  bodies  are  mostly  of  uncertain  composition  :  some  contain 
glucosides,  as  colocynth  and  jalap,  and  others  bitter  principles 
neither  acid,  glucosidal,  nor  alkaloidal  in  nature,  such  being  elaterium 
and  podophyllum.  These  drugs  are  much  more  irritant  than  the 
anthracene  group,  and  large  doses  readily  set  up  acute  inflammation 
of  the  stomach  and  intestines,  with  violent  peristaltic  contractions, 
and  exudation  of  muco-purulent  material,  which  is  sometimes  blood- 
stained. After  such  doses  it  is  not  uncommon  to  see  acute  in- 
flammation of  the  kidneys  and  bladder.  In  therapeutic  doses  the 
drastic  purgatives  act  more  rapidly  than  the  anthracene  purgatives 
but  their  irritant  action  is  not  confined  to  the  intestines,  and  nausea 
and  vomiting  often  occur. 

The  irritant  action  can  be  shown  on  the  skin  and  mucous  mem- 
branes of  the  eye,  nose  and  throat,  especially  with  podophyllin 
jalap  and  colocynth.  f     f  j  > 

Most  of  these  bodies  produce  nausea,  vomiting  and  diarrhoea 
when  injected  subcutaneously  or  intravenously,  and  enteritis  and 
nephritis  occur  as  when  administered  by  the  mouth.  After  such 
injections  the  active  principles  have  been  in  some  cases  extracted 
from  the  gut.  Bile  probably  increases  the  absorption,  and  there- 
lore  the  toxicity  of  all  the  members  of  this  group. 

Jalap  consists  of  the  dried  tubercles  ipom^a  purga,  and  from  these 
jalap  resin  is  extracted  by  means  of  alcohol.  The  resin  consists  mainly 
of  two  glucosides,  jalapin  90  per  cent,  and  scammonin  10  per  cent 
which  are  closely  allied  to  one  another.  But  the  latter  alone  is  soluble 
m  ether.  After  large  doses  no  glucoside  has  been  discovered  in  the 
urme.    Bile  is  necessary  for  its  action. 

Scammony  is  a  resin  obtained  by  incision  of  the  living  root  of  Con- 
volvulus scammonia  ;  it  exudes  as  a  gummv  substance,  which  is  allowed 
to  dry.  Scammony  resin  is  extracted  from  the  root  by  alcohol  It  is 
composed  almost  entirely  of  the  glucoside  scammonin,  which  is  found 
also  in  jalap. 

Elaterium  is  the  dried  sediment  from  the  juice  of  the  fruit  of  Ecballium 
elatemm  (the  squirting  cucumber).    Elaterin  is  the  active  principle  ; 
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it  does  not  pre-exist  in  the  plant,  but  is  formed  in  the  fruit  after  ex- 
pression as  a  result  of  fermentation.  Its  constitution  is  unknown,  but 
it  is  neither  alkaloid,  glucoside,  nor  acid. 

Podophyllin  consists  of  the  dried  rhizomes  of  P.  peltatum.  Podo- 
phyllin  resin  is  extracted  by  alcohol,  and  consists  of  active  and  inert 
substances.  The  active  substances  are  podophyllo-toxin,  a  neutral 
crystalline  substance,  and  a  crystalline  resin,  podophyllo-resin.  Both 
these  bodies  are  active  purgatives,  and  about  equally  toxic  ;  both  pro- 
duce purgative  effects  when  injected  subcutaneously,  but  the  resin  only 
acts  as  a  cholagogue.  Subcutaneous  injections  produce  violent  purga- 
tion in  from  half  to  one  hour,  acute  inflammation  of  the  kidneys,  and 
sometimes  haemorrhage  into  the  bladder.  Ulceration  at  the  seat  of 
injection  is  usual. 

Colocynth  is  the  fruit  of  CitruUus  colocynthis  freed  from  its  rind  and 
seeds.  The  bitter  principle  is  an  amorphous  yellow  glucoside,  colo- 
cynthin  (about  6  per  cent,  in  pulp).  Subcutaneous  injections  produce 
effects  similar  to  those  of  podophyllin. 

Euonymus,  the  dried  root  !oi  Evionymus  alropurpiireus.  It  contains 
an  amorphous  bitter  glucoside,  euonymin,  soluble  in  water  and  alcohol. 
It  increases  sUghtly  the  amount  of  bile  and  the  bile  salts.  Euonymin 
has  a  digitalis-like  action  on  the  heart. 

Gamboge. — -A  gum-resin  obtained  from  Garsinia  Hanburii.  It  con- 
tains more  than  70  per  cent,  of  gambogic  acid,  a  bright  yellow  resin. 


Enemata  are  injections  into  the  rectum.  They  may  be  divided 
into  two  classes  :  (a)  nutrient,  consisting  of  food  material  ;  these 
should  not  exceed  three  ounces,  and  should  be  injected  at  body 
temperature  ;  and  (&)  cathartic,  which  also  may  be  divided  into 
two  classes.  The  big  enema  consists  of  a  pint  or  two  of  fluid,  and 
acts  partly  by  distension,  which  induces  peristaltic  contraction, 
and  partly  by  softening  the  scybala.  Warm  water  will  produce 
this  effect  alone,  but  the  action  can  be  increased  by  using  cold  water 
or  adding  some  irritant  substance  to  the  water,  such  as  soap,  salt 
or  turpentine.  It  is  probable  that  these  irritants  induce,  reflexly, 
contractions  in  the  upper  part  of  the  rectum,  to  which  they  never 
gain  access. 

The  small  cathartic  enema  consists  of  an  injection  Of  from  one 
to  three  ounces  of  fluid,  and  contains  colocynth,  aloes,  or  some  other 
irritant  purgative.  They  act  much  more  rapidly  than  when  given 
by  the  mouth,  usually  in  from  one  to  three  hours. 

Other  Purgative  Drugs  not  used  as  such.— Many  other  drugs 
produce  evacuation  of  the  bowel  in  the  course  of  their  action,  but 
have  other  more  important  effects,  and  are  not  employed  as  purga- 
tives. Thus,  all  skin  irritants  have  a  purgative  action,  which  is 
accompanied  by  irritation  of  the  mucous  membrane  of  the  mouth, 
throat  and  stomach.  The  whole  of  the  digitalis  group  of  drugs 
is  purgative.  In  this  case  the  effect  is  principally  produced 
after  absorption,  and  is  due  to  stimulation  of  the  peripheral  motor 
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mechanism.  Euonymin,  a  member  of  the  digitalis  group  is  used 
tor  its  purgative  properties. 

Pilocarpine,  physostigmine  and  colchicine  cause  increased  peri- 
staltic movements  and  diarrhoea  by  direct  stimulation  of  peripheral 


Fig.  70.-CAT.    Intestinal  Movements  and  Blood-pressure 

waves  in  the  intesti,,?.    T^' ^^^'^^-^^ ^t^'^^l^^-^^ 

motor  mechanism  and  the  effects  can  be  in  each  case  antagonised 
by  means  of  atropme  (Fig.  70).  ^S^nisea 

Finally,  in  large  doses  almost  all  the  alkaloids  of  opium  give  rise 
to  increased  peristalsis,  especially  when  injected  subcutaneously 
Ihis  action  is  generally  accompanied  by  vomiting,  and  is  more 
pronounced  with  codeine  and  apomorphine  than  morphine  It  is 
however,  best  .seen  with  a,,ocodeine,  when  vomiting  is  generally 
absent  Ai)ocodeine  produces  its  effect  by  paralysing  the  peripheral 
mh.bitory   nerve-mechanism.    Thus,   Fig.^  71  'shols   a'  pSle 
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arrangement  of  the  peripheral  nervous  mechanism  in  the  intestines. 
M  represents  the  motor  fibres  of  the  vagus,  the  endings  of  which 

at  C  are  partially  para- 
lysed by  atropine,  and  ex- 
cited by  pilocarpine,  phy- 
sostigmine,  colchicine  and 
digitalis.  Atropine  para- 
M  «j  lyses  some  portion  of  the 

nerve-endings,  but  only  a 
portion,  for  excitation  of 
the  vagus  nerve  is  still 
effective  after  atropine. 
A  The  ordinary  irritant  pur- 

^L/  gative  excites  the  sensory 

endings  B,  and  so  aug- 
ments peristalsis  reflexly 
through  the  nerve  -  cells 
D(?)  and  E.  Atropine  re- 
lieves the  pain  of  grip- 
ing without  hindering  peri- 
stalsis ;  and  it  may  be  re- 
garded as  paralysing,  in 
part  only,  the  sensory  nerve- 
endings  at  S  or  D. 


Cholagogues 

It  has  long  been  assumed 
that  the  majority  of  the 
vegetable  purgatives  stimu- 
late the  liver  and  increase 
the  secretion  of  bile.  This 
is  now  known  in  the 
majority  of  cases  to  be 
untrue ;  the  supposed 
cholagogue  action  is  caused 
by  the  more  rapid  move- 
ments of  the  contents  of 
the  gut,  so  that  sufficient 
time  is  not  allowed  for  the 
absorption  of  the  bile  con- 
stituents, which  are,  there- 
fore, found  in  greater 
amount  in  the  fnsces.  In 
some  cases  there  is  con- 
traction of  the  gall-bladder, 
which  would  exaggerate  the 
fallacy. 


Fig.  71. — Hypothetical  Diagram  to  Ex- 
plain THE  Action  of  Drugs  on  the 
Intestine.    (See  Note.) 

A  =  mucous  membrane,  B  =  sensory  nerve-eudings, 
C  =  motor  nerve-endings  in  muscle,  D  and  E  ^  nerve- 
cells  in  Auerbach's  plexus,  M  =  motor  fibre  from  vagus, 
5  =  sensory  fibre,  Sy  =  sympathetic  nerve-cell  in  the 
solar  ganglion. 

Probable  Seal  of  Aclion  of  Drugs. 

S. — Vegetable  purgatives  4-  and  produce  a  local  reUex 

through  D  and  E. 
Sy.  Endings  in  m%scle. — Adrenalin  +. 
Sy.  CcHs.— Nicotine  +  -  ,  Coniine  +  -  ,  Lobcline  +  -  , 

Gelsemine  -  ,  certain  opium-alkaloids  -  (Depression 

of  these  cells  increases  peristalsis). 
D. — Morphine-.  . 
C. — Pilocarpine  +,  Physostigminc  +,  Colchicme  ■[-,  Digi- 

tahs      Atropine  - .  , 
Af«.5c/<.— Heavy  metals  such  as  Lead  and  Barnuu,  or 

Veratrine. 

Note.— Sensor V  fibres  no  doubt  go  directly  upwards 
without  the  intervention  of  a  sensory  cell  at  D:  and  D 
may  not  exist,  but  lateral  fibres  from  the  sensory  nerve 
may  forii)  ai-borjsations  round  E. 
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A  cholagogue  is  generally  defined  as  a  substance  which  increases 
the  secretion  of  bile,  and  as  the  bile  salts  usually  keep  pace  with 
the  secretion,  the  amount  of  fluid  can  be  accepted  as  a  rough  estimate 
of  cholagogue  action.  It  would  always  be  more  accurate  to  estimate 
both  the  quantity  of  bile  and  the  percentage  of  salts. 

The  methods  which  have  been  adopted  for  determining  chola- 
gogue action  consist  of  (I)  permanent  fistulte  (man  and  animals) 
Ihe  diet,  exercise,  and  all  external  surroundings  should  be  kept  as 
constant  as  possible,  and  when  the  secretion  of  bile  has  been  steady 
for  some  days  the  cholagogue  may  be  administered,  and  the  bile 
examined  during  the  next  twenty-four  hours.  (2)  The  second 
method  consists  of  tying  a  cannula  into  the  bile  duct  of  an  anss- 
thetised  and  curarised  dog  in  which  the  cystic  duct  is  clamped 
and  measuring  the  secretion  per  minute  before  and  after  the  in- 
jection of  the  cholagogue  into  the  duodenum. 

By  experiments  of  this  nature  the  following  conclusions  have 
been  arrived  at :- Water,  even  in  large  amounts,  does  not  alter  the 
quantity  of  bile;  thus,  the  secretion  rather  resembles  that  of  a 
sa  ivary  gland  than  the  kidney.  By  far  the  surest  and  most  power- 
tuJ  cholagogue  we  possess  is  bile  itself  or  the  bile  salts  ;  it  produces 
a  rapid  increase  of  secretion,  which  lasts  over  twenty-four  hours 
and  the  larger  the  dose  administered  the  larger  the  secretion,  the 
liquid  and  sohd  constituents  being  increased  proportionally 

A  number  of  other  bodies  possess  a  moderate  cholagogue  effect- 
these  include  turpentine,  sodium  benzoate,  sodium  salicylate' 
euonymin  and  podophyllo-resin ;  the  latter  drug  is  remarkable 
m  that  It  IS  stated  to  increase  the  bile  salts  without  affecting  the 
volume  of  the  secretion.  At  present  it  is  not  possible  to  inlcate 
any  condition  m  which  the  administration  of  cholagogues  is  desirable 
and  the  suggestion  that  they  might  be  used  to  overcome  biliary 
obstruction  cannot  be  entertained,  as  even  a  slight  increase  of 
pressure  is  sufficient  to  inhibit  all  flow.  Bile  has  the  power  of 
increasing  the  action  of  some  purgatives— podophyllin,  jalap, 
rhubarb  senna  and  aloes.  This  may  be  due  to  the  physical  action 
ot  the  bile,  because  soaps  given  with  these  drugs  appear  to  subserve 
the  same  effect  as  the  bile. 

Fel  Bovinum  is  employed  in  medicine  in  those  cases  where  there 
IS  reason  to  believe  that  there  is  a  deficiency  in  the  bile  salts.  It 
would  be  especially  indicated  in  biliary  fistula,  since  in  such  a  case 
tne  bile  salts  are  permanently  lost,  whilst  under  normal  conditions 
atter  serving  their  purpose  in  the  duodenum,  they  are  re-absorbed' 
and  so  continue  to  move  in  a  circle.  The  bile  salts  assist  in  the 
emulsification  of  fats,  and  act  as  mild  antiseptics  and  purgatives. 

MATERIA  MEDIC  A 

Laxatives : — 

Prunum  (Prunes).    Contain  about  40  per  cent,  of  sugar  and  2  per 
cent,  of  vegetable  acids. 
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Ficus  (Figs).    Contain  from  60  to  70  per  cent,  of  glucose. 
Tamarindus.    Contains  about  1 5  per  cent,  of  tartrates  and  citrates. 
Cassiae  Pulpa.    Contains  about  60  per  cent,  of  a  sugar. 

Oils  :— 

Oleum  Ricini.    Dose,  i  to  8  drs. 

Preparation 

Mistura  Olei  Ricini. — Contains  3  drs.  of  castor  oil  in  i  oz. 
Dose,  I  to  2  oz. 

Oleum  Crotonis.    Dose,  -J  to  i  m. 

Preparation 
I.  Linimentum  Crotonis. — i  in  8. 

Anthracene  Group  : — 

Rhei  Radix.  Dose,  3  to  10  grs.,  or  up  to  30  grs.  lor  a  single  adminis- 
tration. 

Preparations 

1.  Extractum  Rhei. 

Dose,  2  to  3  grs. 

2.  Infusum  Rhei. 

Dose,  1^  to  I  oz. 

3.  Liquor  Rhei  Concentratus. 

Dose,  I  to  I  dr. 

4.  Pilula  Rhei  Composita. — Rhubarb  and  Socotrine  aloes. 

Dose,  4  to  8  grs. 

5.  Pulvis  Rhei  Compositus. — Gregory's  powder  :  rhubarb,  heavy 

or  hght  magnesia,  and  ginger. 
Dose,  20  to  60  grs. 

6.  Syrupus  Rhei. 

Dose,  J  to  2  drs. 

7.  Tinctura  Rhei  Composita. 

Dose,  J  to  I  dr.  (repeated  administration)  ;  2  to  4  drs. 
(single  administration). 

Senna  Alexandrina. 
Senna  Indica. 

Preparations  of  either  kind 

1.  Confectio  Sennae. 

Dose,  60  to  120  grs. 

2.  Infusum  Sennae. 

Dose,  J-  to  I  oz. 

3.  Liquor  Sennae  Concentratus. 

Dose,  I-  to  I  dr. 

4.  Mistura  Sennae  Composita.— Black  draught :  magnesium  sul- 

phate, extract  of  liquorice,  aromatic  spirit  of  ammonia,  in- 
fusion of  senna. 

Dose,  I  to  2  ozs. 

5.  Pulvis  Glycyrrhizae  Compositus, 

Dose,  60  to  120  grs. 


PURGATIVES 


6.  Syrupus  Sennse. 

Dose,  I  to  2  drs. 

7.  Tinctura  Sennse  Composita. 

Dose,  J-  to  I  dr.  for  repeated  administration ;  2  to  4  drs. 
for  single  administration.  - 

Cascara  Sagrada. 

Preparations 

1.  Extractum  Cascarae  Sagradae. 

Dose,  2  to  8  grs. 

2.  Extractum  Cascarae  Sagradae  Liquidum. 

Dose,  l-  to  I  dr. 

3.  Syrupus  Cascarae  Aromaticus. 

Dose,  1^  to  2  drs. 

Aloe  Barbadensis.    Dose,  2  to  5  grs. 

Preparations 

1.  Extractum  Aloes  Barbardensis. 

Dose,  I  to  4  grs. 

2.  Decoctum  Aloes  Compositum. 

Dose,  J  to  2  ozs. 

3.  Tinctura  Aloes. 

Dose,  |-  to  I  dr.  for  repeated,  or  twice  the  dose  for  single 
administration. 

4.  Pilula  Aloes  Barbadensis. 

Dose,  4  to  8  grs. 

5.  Pilula  Aloes  et  Ferri. 

Dose,  4  to  8  grs. 
Aloe  Socotrina.    Dose,  2  to  5  grs. 

Preparations 

1.  Pilula  Aloes  Socotrinae. 

Dose,  4  to  8  grs. 

2.  Pilula  Aloes  et  Asafetids. 

Dose,  4  to  8  grs. 

3.  Pilula  Aloes  et  Myrrhae. 

Dose,  4  to  8  grs. 
Aloin.    Dose,  ^  to  2  grs. 

Purgatin.    (Not    official.)    Is    the    diacetate    of  anthrapurpnrin 
Dose,  15  to  30  grs. 

Purgen.    (Not  official.)    Is  Phcnolphthalein.    Dose,  i  to  7  grs. 

Drastic  Purgatives  : — 
Jalapa.    Dose,  5  to  20  grs. 

Prepar.\tions 

1.  Extractum  Jalapae. 

Dose,  2  to  8  grs. 

2.  Pulvis  Jalapae  Compositus. —Jalap,  acid  tartrate  of  potas.sium 

and  ginger.  ' 
Dose,  20  to  60  grs. 
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3.  Tinctura  Jalapae.— Standardised  to  contain   1.5  per  cent, 
jalap  resin. 

Dose,  I  to  I  dr. 

Jalapse  Resina.    Dose,  2  to  5  grs. 
Scammoniae  Radix. 

Scammonium  (gum-resin).    Dose,  5  to  10  grs. 
Scammoniae  Resina.    Dose,  3  to  8  grs. 

Preparations 

1.  Pilula  Scammonii  Composita. 

Dose,  4  to  8  grs. 

2.  Pulvis  Scammonii  Compositus. 

Dose,  10  to  20  grs. 

Elaterium.    Dose,      to  J  gr. 
Elaterinum.    Dose,      to  S^- 

Preparation 

Pulvis  Elaterini  Compositus. 
Dose,  I  to  4  grs. 

Podophylli  Rhizoma. 

Podophylli  Resina.    Dose,  J  to  i  gr. 

Preparation 

Tinctura  Podophylli. 

Dose,  5  to  15  m. 

Colocynthidis  Pulpa. 

Preparations 

1.  Extractum  Colocynthidis  Compositum. 

Dose,  2  to  8  grs. 

2.  Pilula  Colocynthidis  Composita. 

Dose,  4  to  8  grs. 

3.  Pilula  Colocynthidis  et  Hyoscyami. 

Dose,  4  to  8  grs. 

Euonymi  Cortex. 

Preparation 

Extractum  Euonymi  Siccum. 
Dose,  I  to  2  grs. 

Gambogia.    Dose,  |  to  2  grs. 

Preparation 

Pilula  Cambogiae  Composita. 
Dose,  4  to  8  grs. 

Iridin.    (Not  official.)    Dose,  i  to  3  grs. 

Pel  Bovinum  Purificatum.    Dose,  5  to  15  grs. 


VEGETABLE  ASTRINGENTS 
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VEGETABLE  ASTRINGENTS 

A  considerable  number  of  vegetable  drugs  contain  tannic  acid, 
and  some  of  these  are  used  in  medicine  entirely  on  account  of  the 
presence  of  this  body.  These  drugs  may  be  classified  collectively, 
and  spoken  of  as  the  vegetable  astringents.  When  applied  to  the 
tongue  they  cause  a  feehng  of  constriction,  roughness  and  dryness, 
and  give  rise  to  a  characteristic  "astringent"  taste.  There  is  a 
visible  wrinkling  of  the  mucous  membrane  to  which  they  are  applied, 
and  a  diminution  in  the  secretion  of  mucus.  These  effects  are  due 
to  the  direct  chemical  action  of  tannin  on  proteid. 

The  tannins  are  mostly  anhydro-acids  derived  from  benzoic  acid 
by  condensation,  and  several  of  them  exist  in  the  plant  as  glucosides. 
The  tannic  acid  usually  employed  in  medicine  is  prepared  from  oak 
gall-nuts,  and  has  the  formula  CoH,(OH)3CO.O.C„H,.(OH),COOH. 
The  tannins  prepared  from  other  plants,  while  not  che'mically 
identical'  with  oak-tannin,  possess  the  same  pharmacological 
action.    Tannic  acid  is  readily  decomposed  into  gallic  acid. 

C,,H/OH),.CO.O.C„H^(OHXCOOH  +  OH,  =  2CJ-I^(0H).,C00H. 

Tannic  acid.  Gallic  acid. 

As  the  pharmacology  of  the  tannins  depends  upon  their  chemical 
interaction  with  proteids  and  gelatin,  this  will  be  considered  in 
detail. 

Chemical  Action, — ^Tannins  possess  a  strongly  acid  reaction, 
and  are  very  soluble  in  water  and  dilute  alcohol. 

A  solution  of  tannin  added  to  albumen  or  gelatin  produces  a 
dense  greyish-white  precipitate,  which  is  soluble  in  excess  of  albumen, 
gelatin,  acetic  acid,  lactic  acid,  or  the  alkalies  including  the  alkaline 
carbonates. 

With  connective  tissue  it  forms  an  exceedingly  insoluble  com- 
pound, leather. 

Peptones  and  pepsin  are  precipitated  in  neutral  media  only. 
Tannic  acid  behaves  in  virtue  of  its  acid  radicle,  and  when  this  is 
neutralised  with  an  alkah,  or  by  the  addition  of  albumen  so  as  to 
form  an  albuminate,  its  astringent  properties  are  no  longer  exerted. 
Hence,  alkaline  tannates  have  no  effect  on  albumen  or  gelatin, 
although  they  still  retain  an  "  astringent "  taste  ;  they  can,  in  fact, 
no  longer  be  classified  as  true  astringents.  Ferric  chloride,  with 
solutions  of  the  acid,  gives  a  bluish-black  precipitate  soluble  in 
dilute  sulphuric  acid,  and  reprecipitated  by  the  addition  of 
ammonia. 

Tannic  acid  3-dded  to  many  of  the  salts  of  the  alkaloids  forms  a 
precipitate,  which  is  soluble  in  acetic  acid.  Hence,  it  is  used  as  an 
antidote  in  cases  of  alkaloidal  poisoning  when  the  alkaloid  is  still 
j)resent  in  the  stomach. 

It  also  precipitates  some  glucosides  and  certain  saUs  of  the  heavy 
metals. 
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Effect  on  the  Alimentary  CanaL — Reference  has  been  made 
to  the  action  of  tannin  in  tlie  mouth.  It  coagulates  proteid  material 
surrounding  the  epithelium,  and  even  penetrates  some  of  the  super- 
ficial epithehal  cells.  The  feeling  of  astringency,  the  dryness, 
stiffness,  and  drawing  together  experienced  in  the  mouth,  are  con- 
tinued in  the  throat.  On  reaching  the  stomach  which,  let  us  say, 
contains  food,  tannin  combines  with  any  alkah  or  proteid  present 
and  forms  a  tannate,  and  thus  for  the  time  being  it  loses  its  astringent 
properties.  The  tannate  of  albumen  so  formed  undergoes  digestion 
like  any  other  coagulated  proteid,  and  the  tannin  is  again  liberated 
and  free  to  re-combine.  The  pepsin  and  peptones  are  not  affected 
on  account  of  the  free  hydrochloric  acid.  The  astringent  action  of 
tannin  may  be  continued  some  distance  along  the  small  intestine ; 
the  drug  can  be  recognised  by  the  ferric  chloride  test.  Its  presence 
here  tends  to  produce  constipation,  fii-st,  by  coagulation  of  proteids, 
and,  secondly,  on  account  of  the  diminution  in  mucous  and  other 
glandular  secretions.  Tannin  acts  in  a  mild  degree  as  an  anti- 
septic, and  makes  the  faeces  less  offensive ;  but  in  this  action  it 
cannot  be  compared  with  the  other  and  more  usually  recognised 
antiseptics  such  as  those  of  the  coal-tar  group. 

When  administered  on  an  empty  stomach  its  effects  are  naturally 
more  pronounced,  and  it  sometimes  causes  objectionable  irritant 
effects,  as  shown  by  vomiting  or  even  diarrhoea. 

Absorption  and  Secretion. — ^Tannic  acid  administered  by  the 
mouth  is  destroyed  by  oxidation  and  disappears  entirely.  Only 
about  I  per  cent,  of  that  taken  can  be  recovered  either  from  the  urine 
or  faeces,  and  this  is  present  almost  wholly  in  the  form  of  gallates. 
If  dogs  are  dosed  with  tannin  little  or  none  can  be  detected  in  the 
blood,  and  the  urine  contains  only  the  merest  trace,  although  gallic 
acid  can  be  found  in  both.  Similarly  the  fteces  contain  gallic  acid, 
and  tannin  is  difficult  to  detect. 

In  man  the  same  result  is  obtained,  and  even  after  large  doses 
of  tannin  it  is  not  easy  to  detect  it  in  the  urine,  although  gaJHc  acid 
is  present.  It  therefore  appears  that  such  tannin  as  is  absorbed 
into  the  system  is  taken  up  as  alkahne  gallates,  that  this  circulates 
in  the  blood  and  is  excreted  in  the  urine,  mere  traces  of  alkaline 
tannates  being  present. 

If,  instead  of  tannic  acid,  an  alkaline  tannate  is  administered 
the  results  are  somewhat  different,  for  this  salt  is  rapidly  absorbed 
and  quickly  appears  in  the  urine.  It  should  always  be  remembered 
that  such  salts  (alkaline  tannates)  are  comparatively  inert,  and, 
like  gallic  acid,  have  no  affinity  for  either  proteid  or  gelatin.  The 
urine  when  voided  is  normal  in  appearance  but  darkens  on  standing 
from  the  formation  of  pyrogallic  acid.  There  may  be  some  slight 
diuresis. 

Specific  Effect. — It  must  be  remembered  that  only  a  very 
small  amount  of  tannin  is  absorbed,  and  that  this  is  almost  entirely 
in  the  forni  of  alkaline  gallate ;  hence  llie  injection  of  tannic  acid 
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into  a  vein  is  not  a  fair  means  to  determine  the  specific  action  of  the 
drug  as  given  by  the  mouth. 

Tannic,  galhc  and  pyrogaUic  acids,  when  apphed  directly  to  the 
mesentery  of  curarised  frogs  produce  vaso-dilatation,  but  there  is 
no  evidence  to  show  that  any  such  effect  may  be  produced  in 
mammaha  by  the  comparatively  small  amount  of  gallates  which  are 
absorbed.  Certainly  vaso-constriction  does  not  occur,  and  the 
vegetable  astringents  never  produce  this  effect  (Fig.  72).  Other 
specific  actions  have  been  described,  such  as  contraction  of  the 
splenic  muscle,  and  an  effect  on  voluntary  muscle,  but  the  results 
are  very  doubtful  and  of  no  practical  importance. 


Fig.  72. — Cat.    Intestinal-volume  and  Blood-pressure. 

At  a  an  injection  (2  grs.)  of  gallic  acid  was  administered  by  a  vein.  The  rise  in  blood-pressure 
(lower  tracing)  is  due  to  the  comparatively  large  dose  of  gallic  acid  suddenly  reaching  the 
heart,  and  is  a  cardiac  effect.  It  is  of  no  significance  and  does  not  occur  if  the  drug  is  given 
subcutaneously.  Note  that  the  splanchnic  vessels  (upper  tracing)  do  not  constrict  but  dilate 
Some  of  this  dilatation  is  no  doubt  passive  from  the  rise  in  blood-pressure  but  not  all  Time 
=  sees. 

Gallic  acid  is  found  free  in  gall-nuts,  china  tea,  and  other  astrin- 
gent vegetables.  It  is  prepared  by  fermenting  the  tannic  acid 
contained  in  gall-nuts,  and  behaves  with  ferric  chloride  in  the  same 
way  as  tannin  and  tannates ;  but,  as  already  shown,  it  has  no  effect 
on  albumen  or  gelatin  and  has  no  astringent  properties.  Gallic 
acid  heated  to  230°  produces  pyrogallic  acid,  which  in  alkaline 
solutions  absorbs  oxygen. 

Other  astringents,  the  action  of  which  is  dependent  on  the  presence 
of  tannin,  are  the  following  : — 

Catechu  is  an  extract  prepared  from  the  leaves  and  young  shoots 
of  Uncaria  gambier.  Its  chief  constituents  are  7  to  33  per  cent,  catechin, 
which  bears  a  considerable  analo.gy  to  gallic  acid  in  its  beha\'iour  to 
metallic  salts,  and  22  to  50  per  cent,  of  catechu-tannic  acid. 

Rhatany. — The  root  of  two  species  of  Krameria.  It  contains  about 
8.4  per  cent,  of  rhatania-tannic  acid,  which  resides  in  the  bark.  It 
also  contains  a  colouring-matter  which  is  a  decomposition  product  of 
the  tannin. 


266  A  MANUAL  OF  PHARMACOLOGY 


Kino  is  the  evaporated  juice  from  the  trunk  of  Pier ocar pus  mar- 
supiunu  It  contains  from  70  to  80  per  cent,  of  kino-tannic  acid,  and 
about  1.5  per  cent,  of  kinoin,  a  colourless  crystalline  substance. 

Logwood  contains  10  per  cent,  of  a  red  coloured  crystalline  body, 
hEematoxylin,  which  yields  pyrogallol  when  fused  with  alkalies.  Haema- 
toxylin  has  neither  bitterness  nor  astringency,  but  both  these  properties 
develop  by  oxidation  as  a  result  of  keeping  ;  and  a  bod}'  named  haema- 
tein  is  formed.  Logwood  also  contains  tannic  acid.  One  disadvantage 
of  this  substance  is  that  it  stains  linen. 

Hamamelis.  The  bark  and  leaves  of  the  witch-hazel.  It  contains 
about  6  per  cent,  of  tannin  as  well  as  gallic  acid,  a  bitter  principle,  and 
a  volatile  oil. 

The  tannin  is  partly  crystalline  and  partly  amorphous. 

Eucalyptus  Gum  is  a  ruby-coloured  exudation  from  the  bark  of 
Eucalyptus  rostratd.  The  gum  contains  40  per  cent,  or  more  tannic 
acid,  as  well  as  catechin,  pyrocatechin,  kino-red  and  gum. 

MATERIA  MEDICA 

Galla  (Galls). 

Preparations 

1.  Unguentum  Gallae. 

2.  Unguentum  Gallae  cum  Opio. 

Acidum  Tannicum.    Dose,  2  to  5  grs. 

Preparations 

1.  Glycerinum  Acidi  Tannici. — i  in  5. 

2.  Suppositoria  Acidi  Tannici. — 3  grs.  in  each. 

3.  Trochiscus  Acidi  Tannici.  J  gr.  in  each. 

Acidum  Gallicum.    Dose,  5  to  15  grs. 
Catechu.    Dose,  5  to  15  grs. 

Preparations 

1.  Pulvis  Catechu  Compositus. — 4  in  10.  Contains  kino  and  Icrameria. 

Dose,  10  to  40  grs. 

2.  Tinctura  Catechu. 

Dose,  I  to  I  dr. 

3.  Trochiscus  Catechu. — i  gr.  in  each. 

Krameriae  Radix  (Rhatany). 

Preparations 

1.  Extractum  Krameriae. 

Dose,  5  to  15  grs. 

2.  Infusum  Krameriae. 

Dose,  J  to  I  oz. 

3.  Liquor  Krameriae  Concentratus. 

Dose,  \  to  I  dr. 

4.  Pulvis  Catechu  Compositus. 

Dose,  10  to  40  grs. 

5.  Tinctura  Krameriae. 

Dose,  1^  to  I  dr. 


SIMPLE  BITTERS 

6.  Trochiscus  Krameriae. 

7.  Trochiscus  Krameriae  et  Cocainae. 

Kino.    Dose,  5  to  20  grs. 

Preparations 

1.  Pulvis  Kino  Compositus. — i  of  opium  in  20. 

Dose,  5  to  20  grs. 

2.  Tinctura  Kino. 

Dose,  J  to  I  dr. 

3.  Pulvis  Catechu  Compositus. 

Hasmatoxyli  Lignum. 

Preparation 
Decoctum  Haematoxyli. 
Dose,  J  to  2  ozs. 

Hamamelidis  Cortex. 

Preparation 
Tinctura  Hamamelidis. 
Dose,  J-  to  I  dr. 

Hamamelidis  Folia. 

Preparations 

1.  Extractum  Hamamelidis  Liquidum. 

Dose,  5  to  15  m. 

2.  Liquor  Hamamelidis. 

3.  Unguentum  Hamamelidis. 

Eucalypti  Gummi.    Dose,  2  to  5  grs. 

Preparation 
Trochiscus  Eucalypti  Gummi. — i  gr.  in  each. 


SIMPLE  BITTERS 

The  simple  bitters  comprise  a  large  collection  of  drugs  of  vege- 
table origin  which  possess  little  in  common  except  their  bitter  taste. 
They  are  mostly  of  unknown  composition,  and  we  are  unable  at 
present  to  suggest  any  relationship  between  the  bitter  sensation 
and  their  chemical  composition.  They  can  be  administered  freely 
without  fear  of  ill  effects,  and  are  not  toxic  except  in  enormous 
doses. 

Many  drugs  possess  a  bitter  taste,  but  they  also  have  other  and 
far  more  important  actions  which  overshadow  this  particular 
property  and  demand  their  fuller  consideration  elsewhere ;  for 
example,  most  of  the  alkaloids,  such  as  morphine,  strychnine  and 
quinine,  are  extremely  bitter,  as  well  as  other  bodies,  aloes  and 
rhubarb,  all  of  which  during  the  course  of  their  action  would  exert 
the  ordinary  properties  of  the  bitters.    Tlie  drugs  which  find  a  place 
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in  the  British  Pharmacopoeia  on  account  oi  their  bitter  ])roperties 
are  the  following  : — 

Gentian  (the  root  of  the  yellow  gentian).  It  contains  o.i  per  cent, 
of  a  crystalline  ghicoside,  gentiopicrin,  to  which  its  bitter  properties  are 
mainly  due. 

Quassia. —  The  wood  obtained  from  Picrcsna  excelsa.  Its  activity 
depends  on  a  mixture  of  homologous,  crystalline  bitter  principles  termed 
picrasmin. 

Calumba  (root  of  Jateorhiza  Caliimba).  It  contains  three  crystalline 
bitter  principles,  calumbic  acid,  its  anhydride  calumbin,  and  the  alka- 
loid berberine. 

Chirata  is  the  dried  plant  Swertia  chirata.  It  contains  opheUc  acid, 
and  a  crystalhne  bitter  principle,  chiratin,  which  is  decomposed  by 
acids  into  ophelic  acid. 

Taraxacum  (root  of  the  dandelion).  The  active  principle  is  a  crj-stal- 
line  substance  called  taraxacin. 

Pareira  is  the  root  of  Chondrodendron  tomentosum .  It  contains 
from  0.5  to  0.8  per  cent,  of  the  bitter  crystalline  alkaloid  berberine.  A 
little  tannin  is  present. 

Cascarilla  is  the  dried  bark  of  Croion  chtieria.  The  bitter  principle 
is  a  crystalline  alkaloid  cascarilline. 

Serpentaria  (the  rhizome  of  Aristolocliia  serpentaria).  It  contains  a 
bitter  principle,  aristolochine,  and  from  i  to  2  per  cent,  of  a  volatile 
oil. 

Cimicifuga. — The  dried  rhizome  is  official.  Its  chief  constituent  is  a 
resinous  substance  termed  cimicifugin. 

Cusparia  (the  bark  of  C.  febrifuga).  It  contains  2.4  per  cent,  of  bitter 
crystalline  alkaloids  and  about  1.5  per  cent,  of  a  volatile  oil. 

Aurantii  Cortex  (dried  or  fresh  bitter  orange-peel).  The  chief  con- 
stituent is  a  volatile  oil.  The  bitter  principle  is  an  amorphous  gluco- 
side,  aurantiamarin. 

Action 

Bitters  are  used  to  increase  the  appetite  and  benefit  digestion. 
Clinically  their  use  is  beyond  dispute,  although  their  exact  mode 
of  action  is  not  quite  clear.  When  the  pure  bitters  are  added 
to  artificial  digestions  going  on  outside  the  body,  little  effect 
is  observed  unless  the  quantity  of  bitter  present  is  excessive,  when 
the  digestion  is  retarded  ;  this  is  true  for  salivary,  gastric  and 
pancreatic  digestions. 

It  has  been  shown  that  bitters  administered  on  an  empty  stomach 
first  tend  rather  to  diminish  the  secretion  ;  this  is  succeeded  in  the 
course  of  about  half  an  hour  by  a  considerably  augmented  secretion, 
and  in  this  fact  consists  the  rationale  of  administering  bitters  half 
an  hour  before  food.  The  cause  of  this  secretion  is  not  definitely 
known,  but  it  is  partly,  at  least,  reflex  in  origin.  Pawlow  showed 
that,  in  dogs  with  an  oe.sophageal  fistula,  food  administered  by  the 
mouth  induced  a  copious  gastric  secretion,  although  no  food  reached 
the  stomach  but  passed  directly  to  the  exterior  by  the  opening  in 
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the  oesophagus.  The  secretion  must,  therefore,  in  this  case  be 
reflex,  due  to  stimulation  of  the  nerve-endings  of  taste,  and  it  is 
this  stimulation  of  the  gustatory  nerve-endings  which  induces  the 
flow  of  gastric  juice. 

We  may  regard  as  a  general  law  the  fact  that  anything  which 
improves  the  appetite  increases  the  flow  of  gastric  juice.  Experience 
tells  us  very  certainly  that  the  bitters  have  the  closest  connection 
with  the  condition  of  the  appetite,  and  if,  as  there  can  be  no  doubt, 
they  increase  the  appetite,  then  we  have  in  them  the  strongest  of 
all  stimuli  to  the  gastric  glands.  The  mechanism  by  which  the 
appetite  is  improved  is  not  easy  to  explain.  People  suffering 
from  digestive  disturbances  invariably  have  a  blunted  or  perverted 
taste  ;  ordinary  foods  are  tasteless  to  them,  and  may  be  even 
nauseous.  In  such  conditions  we  give  the  gustatory  apparatus 
a  powerful  stimulant.  Experience  again  teaches  us  that  this  object 
is  quickest  attained  by  exciting  a  sharp  and  unpleasant  impression  ; 
this  by  contrast  awakens  pleasant  ones,  or,  at  all  events,  there  is  no 
longer  indifference.  We,  therefore,  conclude  that  bitters  increase 
the  flow  of  gastric  juice  by  improving  the  appetite. 

Some  of  the  bitters,  such  as  gentian,  caJumba,  cusparia  and 
chamomile,  are  sialagogues  acting  reflexly  through  the  mouth. 
Another  effect,  and  one  the  significance  of  which  we  know  but  little, 
is  an  increase  of  the  white  blood-corpuscles  in  the  peripheral  circu- 
lation. In  continued  doses,  certain  of  the  bitters  such  as  quassia 
act  as  irritants  and  cause  vomiting  and  diarrhoea. 


MATERIA  MEDICA 

Calumbse  Radix. 

Preparations 

1.  Infusum  Calumbae. 

Dose,  J-  to  I  oz. 

2.  Liquor  Calumbse  Concentratus. 

Dose,     to  I  dr. 

3.  Tinctura  Calumbae. 

Dose,  J  to  I  dr. 

Gentianas  Radix. 

Preparations 

1.  Infusum  Gentianae  Compositum. 

Dose,  ^  to  I  oz. 

2.  Tinctura  Gentianae  Composita. 

Dose,  ^2  to  I  dr. 

3.  Extractum  Gentianae. 

Dose,  2  to  8  grs. 

Quassise  Lignum. 

Preparations 

I.  Infusum  Quassiae. 

Dose,  1  to  I  oz. 
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2.  Liquor  Quassiae  Concentratus. 

Dose,  i  to  I  dr. 

3.  Tinctura  Quassiae. 

Dose,  J  to  I  dr. 

Chirata. 

Preparations 

1.  Infusum  Chiratae. 

Dose,  1^  to  I  oz. 

2.  Liquor  Chiratae  Concentratus. 

Dose,  ^  to  I  dr. 

3.  Tinctura  Chiratae. 

Dose,  J  to  I  dr. 

Cuspariae  Cortex. 

Preparations 

1.  Infusum  Cuspariae. 

Dose,  I  to  2  ozs. 

2.  Liquor  Cuspariae  Concentratus. 

Dose,  T  to  I  dr. 

Taraxaci  Radix. 

Preparations 

1.  Extractum  Taraxaci. 

Dose,  5  to  15  grs. 

2.  Extractum  Taraxaci  Liquidum. 

Dose,  |-  to  2  drs. 

3.  Succus  Taraxaci. 

Dose,  I  to  2  drs. 

Serpentariae  Rhizoma. 

Preparations 

1.  Infusum  Serpentariae. 

Dose,  ^  to  I  a.  oz. 

2.  Liquor  Serpentariae  Concentratus. 

Dose,  h  to  2  drs. 

3.  Tinctura  Serpentariae. 

Dose,  ^  to  1  dr. 

Cimicifugae  Rhizoma. 

Preparations 

1.  Extractum  Cimicifugae  Liquidum. 

Dose,  5  to  30  m. 

2.  Tinctura  Cimicifugae. 

Dose,  i-  to  I  dr. 

Cascarillae  Cortex. 

Preparations 

1.  Infusum  Cascarillae. 

Dose,  }t  to  I  oz. 

2.  Tinctura  Cascarillae. 

Dose,  J  to  I  dr. 
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Pareirse  Radix. 

Preparation 

Extractum  Pareirae  Liquidum. 
Dose,  i  to  2  drs. 

Aurantii  Cortex  Recens. 

Preparations 

1.  Tinctura  Aurantii. 

Dose,  J-  to  I  dr. 

2.  Vinum  Aurantii. — Contains  about  10  per  cent,  alcohol. 

3.  Syrupus  Aromaticus. 

Dose,  I  to  I  dr. 

4.  Syrupus  Aurantii. 

Dose,  ]-  to  I  dr. 

Aurantii  Cortex  Siccatus. 

Preparations 

1.  Infusum  Aurantii. 

Dose,  i  to  I  oz. 

2.  Infusum  Aurantii  Compositum. 

Dose,  ^  to  I  oz. 

Aqua  Aurantii  Floris. — Orange  Flower  Water.    Dose,  -\  to  i  oz. 

Preparation 

Syrupus  Aurantii  Floris. 
Dose,  ^  to  I  dr. 


CHARCOAL 

Charcoal,  on  account  of  its  extremely  porous  nature,  has  the 
property  of  absorbing  gases  ;  it  will,  for  example,  take  up  about 
eighteen  times  its  own  volume  of  oxygen.  It  was  at  one  time 
largely  used  in  medicine  with  the  idea  that  it  might  absorb  the 
fermentative  gases  formed  in  the  stomach  ;  this  supposition  is  not 
correct,  as  when  moist  it  loses  this  property. 

Some  of  the  virtues  of  charcoal  are  due  to  its  power  of  absorbing 
oxygen,  which  it  condenses  and  gives  off  in  a  very  active  condition 
to  certain  substances.  For  example,  sulphuretted  hydrogen  or 
decomposing  organic  matter  are  quickly  oxidised  and  destroyed 
by  this  drug.  Most,  but  not  all,  of  this  action  is  lost  when  the 
charcoal  is  moistened  with  water.  Wet  charcoal  is  still  capable 
of  oxidising  certain  organic  substances  in  solution,  and  the  water 
pa.ssed  through  an  ordinary  charcoal  filter  is  found  to  have  some 
of  its  organic  impurities  destroyed.  This  property  is,  however, 
but  feeble,  and  is  very  soon  lost.  Charcoal  is  not  an  antiseptic  or 
disinfectant,  but  it  is  a  useful  deodorant,  and  is  sometimes  used  as 
an  application  to  foul  ulcers,  which  it  renders  clean  and  sweet. 

This  drug  has  obtained  a  considerable  reputation  in  the  treatr 
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ment  of  dyspepsia,  but  its  exact  mode  of  action  is  uncertain.  Wilde 
argues  from  the  fact  tfiat  organic  matter  may  undergo  decom- 
position either  as  a  result  of  aerobic  or  anaerobic  bacteria  ;  the 
former  process  results  in  a  more  or  less  complete  oxidation,  the 
latter  only  serves  to  produce  intermediate  products,  some  offensive 
and  some  toxic.  He  suggests  the  possibility  of  the  oxygen  carried 
by  the  charcoal  converting  an  anaerobic  to  an  aerobic  form  of 
fermentation.  In  this  way  the  toxins  and  offensive  bodies  pro- 
duced by  the  anaerobic  bacteria  would  be  oxidised.  The  second 
possibility  is  that  the  charcoal  acts  purely  physically  by  spreading 
itself  out  on  the  surface  of  the  mucous  membrane  and,  like  bismuth 
salts,  aiding  the  removal  of  mucus. 

Charcoal  has  the  power  of  precipitating  certain  colouring-matters 
and  alkaloids  from  their  solutions.  Thus,  it  may  be  used  to  de- 
colourise organic  solutions  such  as  tea,  and  it  will  precipitate  strych- 
nine and  morphine  from  solution. 

It  is  probable  that  a  trace  of  the  drug  may  be  absorbed,  since 
particles  have  been  detected  in  the  epithelial  cells  of  the  duodenum 
on  microscopical  examination.  But  such  absorption  is  of  little 
significance. 

MATERIA  MEDICA 
Carbo  Ligni.    Dose,  60  to  120  grs. 


CHAPTER  XVIII 


THE  ACTION  OF  DRUGS  ON  RESPIRATION 

Saponins.    Ipecacuanha.    Emetics.   Apomorphine.  Oxygen. 
Carbonic  Acid.    Carbonic  Oxide 

Respiration  can  be  modified  in  a  great  variety  of  ways  ;  through 
Its  centre  in  the  medulla,  through  the  bronchioles,  and  through  the 
secretion  of  the  bronchiolar  mucous  membrane. 

The  centre  can  be  affected  in  several  ways.     Any  alteration 
m  the  composition  of  the  air  inhaled  may  alter  the  depth  and 
frequency  of  the  respirations,  and  we  make  use  of  this  fact  in  certain 
pulmonary  diseases  by  sending  patients  to  high  altitudes,  to  moist 
atmospheres,  or  to  other  places  with  suitable  cUmatic  conditions 
tor  their  particular  form  of  complaint.    Secondly,  the  centre  can 
be  affected  through  the  blood,  and  any  cause  which  tends  to  diminish 
oxygenation  will  increase  the  respiratory  movements.  Hjemorrhage 
or  a  deficiency  of  haemoglobin  brought  about  in  any  way,  such,  for 
example,  as  might  occur  from  the  exhibition  of  one  of  the  drugs 
which  induce  methsemoglobin  formation,  will  produce  the  same 
ettect.    Iron  and  other  drugs  which  increase  the  amount  of  hfemo- 
globm  or  red  blood-corpuscles  in  the  body  have  an  indirect  effect 
on  the  centre.    Thirdly,  we  may  attack  the  centre  directly  by  such 
drugs  as  strychnine,  ammonia,  atropine  or    caffeine  (Fig.  73). 
Any  of  these,  by  increasing  the  irritability  of  the  centre,  not  only 
augment  the  depth  and  number  of  respirations  but  also  facihtate 
the  coughing  reflex  ;  so  that  a  particle  of  phlegm,  which  may  be 
insufficient  to  arouse  coughing  before  a  dose  of  strychnine,  will 
act  as  an  adequate  stimulus  after  such  a  dose.    Lastly,  respiration 
can  be  affected  reflexly.    It  is  hardly  necessary  to  give  examples 
of  this,  for  every  one  is  familiar  with  the  inspiratory  efforts  which 
are  induced  by  the  application  of  cold  water  to  the  surface  of  the 
body.    We  employ  such  a  reflex  in  "smelling  salts"  by  snifling 
ammonia,  or  by  using  a  snuff  containing  veratrine  or  aconitine. 
In  each  of  these  cases  there  is  excitation  of  the  nerve-endings  in  the 
nose  which  reflexly  induces  several  changes,  especially  increased 
depth  of  respiration,  coughing  and  sneezing  (Fig.  74). 

The  drugs  which  depress  the  centre  are  the  narcotics  and  hyp- 
notics, such  as  chloral  and  opium. 

Drugs  are  sometimes  used  to  act  on  the  bronchiolar  muscle. 
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It  is  possible  to  constrict  these  muscles  directly,  the  same  as  any 
other  plain  muscle,  by  such  drugs  as  barium  or  vcratrine  ;  but  a 
constriction  is  more  readily  obtained  by  exciting  the  vagal  endings, 
such  as  may  be  done  by  pilocarpine,  physostigmine  or  digitalis. 
This  constriction  prevents  the  air  from  getting  out  of  the  lungs, 
whilst  the  powerful  force  of  inspiration  causes  the  chest  to  distend 
so  that  a  condition  of  dyspnoea  obtains  in  which  the  chest  is  ex- 
panded almost  to  the  maximum,  yet  Httle  air  enters  or  leaves  the 
lungs.     Certain  drugs  are  employed  to  relieve  this  spasm  or  as 


Fig.  73. — Cat.    Respiration  and  B.P.    Records  the  Stimulant 
Action  of  AM2CO3  on  the  Medulla. 

The  drug  was  administered  at  A  bv  a  vein.-  Tlie  respiratory  effect  is  central,  becanse 
it  is  still  produced  if  the  vagi  are  cut.  The  rise  in  blood-pressure  is  due  to  central  yaso- 
constriction,  since  it  is  absent  when  the  cord  is  severed  high  up.  Respiratory  upstroke 
=  inspiration.    Time  =  sees. 

we  call  it,  asthma.  These  usually  act  by  depressing  the  vagal 
nerve-endings  :  they  are  atropine,  hyoscyamine,  hyoscine,  lobeline 
and  nicotine  :  a  few  are  effective  by  directly  depressing  the  muscle, 
such  as  the  nitrites,  urethane  and  the  anaesthetics.  The  bron- 
chioles may  be  constricted  refiexly  by  exciting  the  nasal  mucous 
membrane  either  electrically  or  by  means  of  some  drug,  such  as 
bromine  or  ammonia  vapour. 

The  secretion  from  the  bronchioles  can  be  increased,  first  re- 
fiexly. Any  drug  which  irritates  the  stomach  induces  an  increised 
expectoration  (Fig.  74).  Thus  we  find  that  all  the  emetics  are 
expectorants  in  small  doses.    The  drugs  which  are  used  to  produce 
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ejipectoration  in  this  way  are  ipecacuanha,  squills,  ammonium 
carbonate,  saponins,  tartar  emetic,  &c.  These  drugs  need  not  be 
absorbed,  and  are  certainly  not  excreted  by  the  bronchiolar  mucous 
membrane.'   Secondly,  expectoration  can  be  augmented  by  the 


Fig.  74. — Diagram  to  Show  the  Origin  of  Certain  Reflexes. 

M  represents  the  medulla  and  spinal  cord,  i  =  sensory  nerve-endings  of  the  vagus  in  the 
stomach.  2  =  sensory  endings  of  the  vagus  in  the  lungs.  3  =  sensory  endings  of  the 
vagus  in  the  bronchioles.  4  =  sensory  endings  in  the  nose  and  mouth.  5  =  afferent  fibres 
from  the  skin.  5  =  vagus  nerve  to  the  heart.  7  =  motor  nerve  to  the  bronchioles.  8 
=  motor  nerves  to  vessels,  intestines  and  other  plain  muscle,  and  to  voluntary  muscle 
Stimulation  0/  i  »/  mild  =  an  expectorant  action — ammonium  carbonate,  ipecacuanha 
senega. 

Stimulation  of  i  if  severe  =  emesis — zinc  sulphate,  copper  sulphate,  tartar  emetic,  &c. 

Stimulation  of  2  and  3  =  closure  of  the  glottis,  broncho-constriction,  coughing  and  sneez- 
ing, cardiac  inhibition— irritant  vapours  such  as  bromine  or  nitric  acid. 

Excitation  of  ^  =  sneer.'mg,  coughing,  bronchial  asthma,  slowing  of  respiration,  cardiac 
mhibition  and  possibly  vomiting— snufis,  veratrine,  aconitine,  irritating  vapours  and 
powders. 

Excitation  of  5  if  mild  =  stimulation  of  respiration,  vaso-constriction,  cardiac  accelera- 
tion—mustard plasters,  blisters,  and  other  forms  of  counter-irritation. 

Excitation  of  5  if  severe  =  depression  of  respiration,  great  vaso-dilatatioa  and  cardiac 
slowing — severe  burns,  surgical  shock. 

excitation  of  the  nerve-endings  to  the  mucous  glands  by  such  drugs 
as  pilocarpine.  This  method  is  not  employed  in  practice  on  account 
of  the  increase  of  the  other  secretions,  such  as  sweat  and  saliva. 
Thirdly,  certain  drugs  are  excreted  by  the  bronchiolar  mucous 
membrane,  and  act  as  expectorants  during  their  excretion.  The 
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drugs  affecting  secretion  in  this  way  are  the  alkalies,  especially 
carbonates,  potassium  iodide,  and  the  essential  oils,  those  com- 
monly employed  being  tolu,  peru,  turpentine  and  camphor.  The 
essential  oils  also  act  as  antiseptics.  The  drugs  which  decrease  ex- 
pectoration are  acids,  belladonna,  stramonium  and  hyoscyamus. 

To  produce  these  various  effects  the  drugs  are  sometimes  inhaled. 
Thus,  to  relieve  spasm  of  the  bronchioles,  stramonium,  lobelia, 
chloroform,  or  amyl  nitrite  may  be  inhaled.  Inhalations  of  creosote, 
benzoin  or  carbolic  acid  are  employed  to  disinfect  foul  secretions. 

DRUGS  OWING  THEIR  ACTION  TO  THE  PRESENCE 

OF  SAPONIN 

Quillaia  cortex,  the  bark  of  Q.  saponaria.  If  it  is  macerated  in 
water  it  froths,  and  hence  it  is  termed  soap-bark.  The  frothing  is  due 
to  two  toxic  glucosides,  quillaic  acid  and  sapotoxin.  Commercial 
saponin  is  composed  of  a  mixture  of  these  two  substances  together  Avith 
the  inert  matter. 

Senega  root  is  obtained  from  Polygala  senega.  It  contains  two  homo- 
logous glucosides,  senegin  and  polygalic  acid,  which  are  identical  with 
the  saponins,  sapotoxin  and  quillaic  acid  respectively. 

Sarsa  root  (sarsaparilla)  is  the  dried  root  of  Smilax  ornata.  It  con- 
tains three  homologous  glucosides,  belonging  to  the  saponin  class. 

Hemidesmus  root  is  obtained  from  H.  indicus. 

The  saponins  are  a  group  of  glucosides  possessing  certain  common 
properties,  and  are  very  widely  distributed  throughout  the  vege- 
table kingdom.  The  common  characteristic  of  these  bodies  is  that 
of  forming  a  clear  solution  in  water,  which  froths  on  shaking  and 
forms  emulsions  with  oils  and  resinous  substances.  Their  chemical 
constitution  is  very  uncertain,  but  they  belong  to  a  series  having 
the  formula  C„H^„  gO^^,  and  on  hydrolysis  yield  glucose  and  in- 
active substances  to  which  the  name  sapogenin  has  been  given. 
The  different  saponins  vary  considerably  in  their  toxicity,  the  more 
powerful  being  spoken  of  as  sapotoxins.  The  following  is  a  Hst  of 
the  more  important  plants  which  contain  active  saponins  : — 

Saponaria  officinalis,  4  to  5  per  cent,  sapotoxin.  \  j^^^^  active 
Quillaia  saponaria,  9  per  cent,  sapotoxin.  J 
Polygala  senega. 

Sarsaparilla  (smilax)  (Not  enough  saponin  to  produce  a  thera- 
i      peutic  effect). 

Hemidesmus  (A  trace  of  saponin). 
■   Agrostemma  githago. 

Digitalis  parpurea  {digitonin). 

Clavicips  parpurea  {ergotinic  acid). 

The  saponins  from  these  plants  vary  much  in  toxicity ;  for 
example,  the  saponin  from  senega  is  only  about  one-eighth  as 
active  as  the  sapotoxin  from  quillaia,  and  digitonin  is  much  less 
active  than  either.    They  also  vary  in  their  rate  of  absorption  ; 
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as  a  rule,  very  little  saponin  finds  its  way  into  the  system  from  the 
alimentary  canal,  but  that  from  Agrostemma  is  more  rapidly 
absorbed  than  the  other  saponins. 

The  saponins  are  general  protoplasmic  poisons  :  they  rapidly 
destroy  amoeb£e,  ciha,  intestinal  worms,  or  undifferentiated  proto- 
plasm. A  solution  of  i  in  10,000  quillaia-sapotoxin  kills  the  isolated 
gastrocnemius  of  the  frog  in  three  hours.  If  a  saponin  is  added  to 
freshly-drawn  blood  coagulation  is  retarded,  the  red  blood-cor- 
puscles are  destroyed,  and  htemoglobin  is  set  free.  Like  all  such 
n-ntant  bodies,  they  contract  the  arterioles  during  direct  perfusion 
and  arrest  the  frog's  heart  in  systole. 

These  drugs  are  strongly  irritant,  minute  quantities  being  suffi- 
cient to  produce  mflammation  of  the  nasal  and  conjunctival  mucous 
membranes.  They  are  irritant  poisons  when  administered  in 
sufficiently  large  doses  by  the  mouth  ;  and  cause  vomiting  diar- 
rhoea, enteritis  and  death  from  coUapse.  Saponins  are  not  absorbed 
from  the  ahmentary  canal  m  appreciable  quantity,  so  that,  unless 
given  in  such  large  amounts  as  to  give  rise  to  local  irritation  they 
produce  no  evil  effects  They  are  used  as  expectorants  to  increase 
the  flow  of  bronchial  mucus,  and  it  is  said  that  they  can  maintain  a' 
gentle  degree  of  expectoration  over  a  prolonged  period.  This  has  been 
ascnbed  to  the  excretion  of  a  minute  amount  of  the  drug  by  the  bron- 
chial mucous  membrane,  but  is  no  doubt  due  to  a  reflex  from  irri- 
tion  of  the  stomach,  an  effect  obtained  with  all  emetic  substances. 

If  saponins  are  administered  subcutaneously  or  intravenously 
they  set  up  vomiting,  dian-hoea,  acute  enteritis  and  nephritis 
probably  on  account  of  their  excretion  by  the  gut  and  kidneys' 
respectively.  The  fost-mortem  effects  are  indeed  very  similar 
to  those  seen  after  the  injection  of  other  irritant  poisons  such  as 
canthandin  or  podophyllotoxin.  Saponins  administered  by  the 
mouth  are  excreted  by  the  rectum  unchanged.  They  are  but  httle 
used  m  medicine,  but  quillaia  and  senega  are  employed  as  expec- 
torants. Sarsaparilla  and  Hemidesmus  should  not  find  a  place  in 
the  Pharmacopoeia. 

MATERIA  MEDICA 

Quillaise  Cortex. 

Pkeiwration 

Tinctura  Quillaise. 

Dose,  I  to  I  dr. 

Senegse  Radix. 

Prei>arations 

1.  Infusum  Senegae. 

Dose,  I  to  I  oz. 

2.  Liquor  Senegae  Concentratus.  ' 

Dose,  \  to  I  dr. 

3.  Tinctura  Senegse. 

Dose,  i  to  I  dr. 
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Sarsae  Radix  (Sarsaparilla). 

Preparations 

1.  Extractum  Sarsse  Liquidum. 

Dose,  2  to  4  drs. 

2.  Liquor  Sarsse  Compositus  Concentratus. 

Dose,  2  to  8  drs. 

Hemedesmi  Radix. 

Preparation 

Syrupus  Hemedesmi. 
Dose,  J  to  I  dr. 

IPECACUANHA 

Ipecacuanha  is  the  root  from  Psychotria  ipecacuanha.  It 
contains  about  2  per  cent,  total  alkaloid.  Three  different  alkaloids 
are  present  :  emetine,  72  per  cent.,  cephseUne,  26  per  cent.,  and 
psychotrine,  2  per  cent.  Emetine  is  a  quinoline  derivative,  and  is 
methyl-cephseline,  the  relationship  between  emetine  and  cephaeHne 
being  the  same  as  that  between  codeine  and  morphine,  or  caffeine 
and  theobromine  respectively.  Ipecacuanha  root  also  contains  a 
saponin-like  glucoside,  and  a  second  glucoside,  ipecacuanhic  acid. 
Commercial  emetine  is  a  mixture  of  emetine  and  cephaehne. 

Action 

(1)  Small  doses  act  as  expectorants. 

(2)  Larger  doses  exert  an  irritant  action  to  the  whole  of  the  gastro- 
intestinal canal,  resulting  in  vomiting  and  diarrhoea. 

(3)  Depression  of  the  central  nervous  system. 

The  powdered  root  of  ipecacuanha  has  an  extremely  irritant 
local  action  :  minute  quantities  readily  produce  conjunctivitis 
and  inflammation  of  the  mucous  membrane  of  the  respiratory 
tract,  with  sneezing  and  coughing.  Some  people  are  peculiarly 
susceptible  to  its  action,  and  in  these  the  least  trace  applied  to  the 
nose  causes  violent  coughing,  a  considerable  flow  of  mucus,  and  in 
some  cases  an  attack  of  spasmodic  asthma,  that  is,  a  reflex  bronchiolar 
constriction. 

When  taken  by  the  mouth  ipecacuanha  has  a  bitter  acrid  taste 
and  induces  a  considerable  flow  of  saliva.  On  reaching  the  stomach 
it  acts  as  an  irritant  :  when  the  dose  has  been  small  it  increases 
the  secretion  of  gastric  juice,  but  with  larger  amounts  it  quickly 
gives  rise  to  a  sensation  of  nausea  which  is  more  prolonged  than 
that  of  apomorphine,  followed  by  vomiting,  during  which  the  drug 
is  usually  voided  and  the  action  ceases.  The  ordinary  accompani- 
ments of  vomiting  are  present,  acceleration  of  the  pulse,  perspira- 
tion, and  increased  flow  of  mucus  from  the  respiratory  passages. 

If  ipecacuanha  is  injected  subcutaneously,  pain  and  inflammation, 
followed  by  suppuration  and  the  formation  of  an  abscess,  are 
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produced  at  the  seat  of  inoculation,  and  symptoms  of  acute  irritant 
poisoning  rapidly  develop,  which  are  of  a  very  similar  character  to 
those  seen  when  arsenic,  antimony,  iron,  or  any  of  the  more  irritant 
of  the  vegetable  purgatives  are  injected.  There  is  nausea,  vomiting 
and  purging.  The  stools  contain  blood,  and  in  the  later  stages  of 
poisoning  consist  of  little  but  blood-stained  mucus  :  death  follows 
from  collapse.  Post-mortem  all  the  characteristic  changes  of  acute 
enteritis  are  seen  :  the  mucous  membrane  is  swollen,  congested, 
and  covered  with  a  muco-purulent  secretion,  whilst  petechias  and 
extravasations  of  blood  are  scattered  about.  (Edema  of  the  lungs 
is  frequently  seen  as  the  result  of  hypersecretion  of  mucus. 

The  vomiting  obtained  with  therapeutic  doses  of  ipecacuanha 
is  peripheral  in  origin,  because  the  effect  is  produced  as  soon  as  the 
drug  reaches  the  stomach,  and  in  a  quicker  time  and  in  smaller 
amounts  than  it  can  be  produced  by  injection.  When  given  sub- 
cutaneously  the  automatic  movements  of  the  stomach  and  intestines 
are  greatly  increased  :  vomiting  and  purging  are  obtained  as  a 
direct  result  of  this  action.  If  the  medulla  is  painted  with  the 
drug  vomiting  is  said  to  be  induced ;  but,  again,  this  cannot  be 
accepted  as  evidence  of  a  central  action,  because  most  irritant 
and  many  non-irritant  bodies  applied  to  the  medulla  in  sufficient 
concentration  induce  vomiting. 

In  lethal  doses  death  is  caused  by  collapse  following  the  acute 
enteritis  ;  its  action  on  the  heart  and  circulation  is  only  of  secondary 
importance. 

Ipecacuanha  is  a  valuable  expectorant  in  that  the  effect  of  one 
dose  is  prolonged  over  several  hours,  which  is  not  the  case  with 
apomorphine.  It  has  also  a  great  reputation  in  the  treatment  of 
tropical  dysentery,  but  its  mode  of  action  is  unknown  ;  it  probably 
attacks  the  parasite  like  other  simple  forms  of  protoplasm.  It  is 
easy  for  those  suffering  from  this  disease  to  establish  some  degree  of 
tolerance  to  ipecacuanha.  This  is  not  however  peculiar,  as  a 
similar  tolerance  may  be  obtained  to  many  other  irritant  sub- 
stances. 

Comparison  of  the  Action  of  Pure  Cephaeline  and  Emetine 

The  action  of  cephseline  and  emetine  is  the  same  as  that  of  ipe- 
cacuanha. Both  these  alkaloids  are  emetic,  but  the  presence  of  the 
extra  CH.j  group  in  emetine  renders  it  only  about  half  as  toxic  as 
cephteline,  but  whilst  both  constrict  peripheral  vessels,  emetine 
has  the  more  marked  action. 

MATERIA  MEDICA 

Ipecacuanhas  Radix.  Dose  of  powdered  root,  ^  to  2  grs.  (expectorant), 
IS  to  30  grs.  (emetic). 

Prei'arations 

I,  Acetum  Ipecacuanhae. — o.i  per  cent,  ul  total  alkaloids. 
Dose,  10  to  30  m. 
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2.  Extractum  Ipecacuanhae  Liquidum. — Contains  2.0  to  2.25  per 

cent,  of  the  alkaloids  of  the  root. 

Dose,  J  to  2  m.  (expectorant),  15  to  20  m.  (emetic). 

3.  Vinum  Ipecacuanhae. — o.i  per  cent,  of  total  alkaloids. 

Dose,  10  to  30  m.  (expectorant),  4  to  6  drs.  (emetic). 

4.  Pulvis  Ipecacuanhae  Compositus. — Dover's   powder :  ipecacu- 
anha, I  ;  opium,  i  ;  sulphate  of  potassium,  8. 

Dose,  5  to  15  grs. 

5.  Pilula  Ipecacuanhae  cum  Scilla. — Compound  ipecacuanha  pow- 

der, 3  ;  squill,  i  ;  ammoniacum,  i. 
Dose,  4  to  8  grs. 

6.  Trochiscus  Ipecacuanhae. — J  gr.  of  ipecacuanha  in  each. 

7.  Trochiscus  Morphinae  et  Ipecacuanhae. — Ipecacuanha,       gr.  ; 

morphine  hydrochloride,  ^L-  gr.  in  each. 

EMETICS 

The  act  of  vomiting  is  brought  about  by  a  strong  contraction  of 
the  abdominal  muscles,  which  squeeze  the  stomach  against  an 
unyielding  diaphragm  at  a  period  when  the  cardiac  sphincter  is 
relaxed  and  the  pyloric  closed.  If  the  cardiac  orifice  remains 
closed  during  the  spasm  "retching"  is  the  result.  Vomiting  is 
assisted  by  reversed  peristaltic  action  of  the  oesophagus  and  by  the 
active  contraction  of  the  stomach  itself  ;  but  the  latter  action  alone 
is  not  sufficiently  strong  to  expel  the  stomach  contents  without 
the  assistance  of  the  abdominal  muscles. 

There  is  a  centre  in  the  medulla  which  regulates  the  movements 
concerned  in  vomiting  :  it  is  closely  associated  with  the  respiratory 
centre,  so  that  one  can  readily  understand  how  small  doses  of  drugs 
of  this  class  may  act  as  stimulants  to  the  respiratory  centre  whilst 
larger  amounts  produce  vomiting. 

The  centre  can  be  excited  by  afferent  impulses  reaching  it  from 
many  sources.  A  little  veratrine  sniffed  up  the  nostrils  irritates 
the  peripheral  terminations  of  the  fifth  cranial  nerves  and  rapidly 
produces  reflex  coughing,  sneezing,  and  sometimes  even  retching 
and  vomiting.  Tickling  the  soft  palate  with  a  feather  is  a  common 
method  of  inducing  emesis  (reflex  from  the  ninth  cranial  nerve). 
Likewise,  certain  central  impressions,  such  as  disgusting  sights  and 
smells,  and  any  severe  visceral  pain,  may  lead  to  vomiting  ;  but  the 
commonest  cause  of  emesis  is  irritation  of  the  stomach  or  intestines, 
which  influences  the  medulla  reflexly  through  the  vagus-nerves. 

Emetics  have  been  divided  into  two  groups — the  direct  and 
indirect.  Direct  emetics  irritate  the  stomach  and  produce  vomiting 
reflexly  through  the  medulla,  so  they  might  with  equal  right  be 
termed  indirect.  Indirect  emetics  at  once  excite  the  medulla 
and  induce  vomiting.  To  avoid  confusion  these  drugs  will  be 
classified  as  central  emetics — those  acting  directlj^  on  the  centre : 
and  peripheral,  those  acting  reflexly,  generally  by  irritation  of  the 
stomach. 
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It  is  not  always  easy  to  decide  whether  a  drug  acts  centrally  or 
peripherally.  The  following  are  some  of  the  methods  employed 
in  discriminating  between  these  two  classes  : — 

(i)  Drugs  which  act  purely  on  the  centre  will  produce  their  effect 
much  more  rapidly  when  injected  under  the  skin  than  when  given 
by  the  mouth.    It  is  stated  that  if  the  drug  is  injected  directly 
■  into  the  circulation,  and  some  time  elapses  before  the  vomiting 
occurs,  the  drug  acts  on  the  stomach ;  but  if  vomiting  comes  on 
immediately  the  action  is  on  the  medulla.    Such  reasoning  is, 
however,  fallacious,  for  if  colchicine  is  given  by  the  mouth  vomiting 
is  not  induced  nearly  so  rapidly  as  if  it  is  injected  into  the  circulation, 
and  yet  we  know  that  colchicine  acts  on  the  peripheral  vagal  ter- 
minals in  the  stomach  and  intestines,  and  that  its  action,  both  as 
regards  purgation  and  vomiting,  may  be  ehminated  by  the  use 
of  atropine,  which  paralyses  the  same  nerve-endings  that  colchicine 
stimulates.    If,  however,  vomiting  is  produced  quicker  when  the 
drug  is  injected  directly  up  one  carotid  into  the  brain  than  when 
injected  into  a  vein,  the  evidence  is  distinctly  in  favour  of  a  central 
effect. 

(2)  if  relatively  smaller  doses  are  required  by  the  stomach  than 
by  injection  to  induce  vomiting,  the  inference  is  that  the  action  is 
primarily  on  the  stomach. 

(3)  If  the  stomach  is  excised  and  replaced  by  a  bladder  of  air, 
drugs  acting  centrally  when  injected  into  the  circulation  should 
mduce  the  movements  of  vomiting  as  before.  The  converse  is, 
however,  not  true,  because  vomiting  may  be  produced  by  stimula- 
tmg  other  afferent  nerve-fibres  than  those  from  the  stomach. 

(4)  Section  of  both  vagus-nerves  in  the  neck  should  be  a  valuable 
means  of  distinguishing  between  the  two  groups.  If  when  the  drug 
IS  given  vomiting  occurs  as  before  section,  the  drug  is  probably 
central  in  action,  and  the  converse  should  be  true. 

Classification 
Central  Peripheral 
Apomorphine.  Sodium  chloride. 

Zinc  sulphate. 
,         Copper  sulphate. 
Alum. 

Ipecacuanha. 
Ammonium  carbonate. 
Mustard. 
Tartar  emetic. 
Warm  water. 

These  are  the  emetics  which  are  in  common  use,  but  a  vast  grouj? 
of  other  drugs  exert  an  emetic  action  when  given  in  do.ses  .shghtly 
in  excess  of  therapeutic.  For  exami)le,  any  drug  which  exerts  aii 
irritant  action  on  the  intestines  (vegetable  purgatives)  will,  in 
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larger  amounts,  give  rise  to  vomiting.  Drugs  of  the  digitalis, 
pilocarpine  and  veratrine  series,  and  the  saponins  in  large  doses, 
cause  vomiting  whether  given  by  the  mouth  or  injected  subcu- 
taneously,  on  account  of  the  peripheral  stimulation  of  the  ahmentary 
tract. 

APOMORPHINE 

Apomorphine  hydrochloride  is  an  artificial  product,  its  formula 
representing  that  of  morphine  with  the  loss  of  one  molecule  of  water. 
It  is  prepared  by  heating  morphine  or  codeine  hydrochloride  with 
hydrochloric  acid  in  a  sealed  tube  at  a  temperature  of  140  to  150°  C. 
It  is  soluble  in  50  parts  of  water,  but  solutions  slowly  decom- 
pose, so  that  when  possible  they  should  be  prepared  fresh. 

Action 

Excitation  of  the  Central  Nervous  System,  especially  of  the  Vomiting 
Centre  in  the  Medulla 

In  man  the  only  marked  effect  of  apomorphine,  whether  the  drug 
be  taken  by  the  mouth  or  injected  subcutaneously,  is  nausea  and 
vomiting.  These  usually  come  on  three  or  four  minutes  after 
injection,  and  are  rarely  delayed  to  fifteen  minutes.  After 
vomiting  the  nausea  quickly  passes  off  and  no  objectionable  effects 
are  observed.  The  vomiting  is  associated  with  the  symptoms 
characteristic  of  nausea,  namely,  lassitude,  weakness,  salivation, 
perspiration,  a  flow  of  tears,  and  increased  secretion  of  mucus 
from  the  glands  of  the  nose,  tliroat  and  respiratory  passages, 
together  with  acceleration  of  the  heart  and  respiration ;  these 
associated  effects  are  quite  transient  and  cease  with  the  vomiting. 

The  emesis  is  central  ;  this  can  be  shown  by  tying  the  vessels  so 
that  no  drug  can  reach  the  stomach  or  intestines  when  an  injection 
of  the  drug  still  produces  violent  vomiting,  whereas  if  the  vessels 
are  tied  so  that  no  drug  reaches  the  medulla  vomiting  does  not 
occur.  Moreover,  vomiting  may  be  produced  immediately,  by 
painting  the  medulla  with  a  solution  of  the  drug.  Apomorphine 
has  considerable  advantages  over  peripheral  emetics  in  that  it 
can  be  injected  subcutaneously  without  giving  rise  to  evil  effects, 
and  its  action  is  very  rapidly  obtained. 

Other  Actions.— Apomorphine,  when  administered  in  large 
doses,  stimulates  the  respiratory  centre  and  respiration  is  quickened  ; 
this  effect  is  in  marked  contrast  to  that  of  morphine,  in  which  the 
respiratory  centre  is  depressed. 

Small  doses  of  apomorphine  (too  small  to  induce  nausea)  increase 
the  secretion  of  mucus  from  the  respiratory  tract  and  are  thus 
expectorant,  aiding  in  the  removal  of  tough  mucus  by  coughing.  We 
have  noted  previously  that  an  expectorant  action  is  invariably 
obtained  with  small  doses  of  emetics  of  every  kind.  This  expec- 
torant action  with  apomorphine  is  independent  of  local  irritation. 
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It  seems  to  be  impossible  to  excite  the  vomiting  centre,  whether 
directly  or  reflexly,  without  stimulating  respiration  and  the  flow  of 
bronchial  mucus. 

In  very  large  doses  there  is  some  excitation  of  the  higher  centres 
in  the  brain.  Thus  dogs  become  very  excited  and  restless,  con- 
stantly moving  round  in  a  circle,  and  later  may  exhibit  tetanic 
spasms.  Eventually  the  excitement  gives  place  to  depression, 
reflexes  are  abolished  and  coma  gradually  ensues,  death  resulting 
from  respiratory  failure. 

In  the  frog  the  irritability  of  both  striped  and  cardiac  muscle 
is  first  diminished  and  finally  abolished  by  the  direct  apphcation  of 
apomorphine ;  the  same  effect  is  not  seen  in  mammals.  This 
action  on  muscle,  hke  the  expectorant  action,  has  been  stated  to 
be  a  constant  effect  which  can  be  obtained  with  aU  specific  emetic 
substances  (Harnack). 

MATERIA  MEDICA 

Apomorphinae  Hydrochloridum.  Dose,  to  gr.  hypodermically, 
Ttr  *°  T  S^'  t>y  the  mouth. 

Prepar.\tion 

Injectio  Apomorphinae  Hypodermica. — i   per  cent.    Must  be 
freshly  prepared. 
Dose,  5  to  10  m. 

Tartar-Emetic 

The  direct  emetics  will  be  coiisidered  in  their  appropriate  places, 
but  a  few  words  are  necessary  with  regard  to  tartar  emetic,  since 
it  is  believed  by  some  writers  to  act  on  the  medulla.  Like  salts  of 
other  heavy  metals,  in  large  doses  it  is  irritant  to  the  mucous  mem- 
brane of  the  alimentary  canal  and  sets  up  nausea  and  vomiting. 
When  injected  into  the  circulation  the  same  effects  are  produced, 
but  the  dose  must  be  larger,  and  the  vomiting  is  not  so  prompt. 
These  facts  at  once  show  that  the  action  is  mainly  peripheral. 
Those  who  favour  the  central  theory  claim  that  vomiting  move- 
ments are  still  obtained  by  antimony  even  when  the  stomach  is 
replaced  by  a  pig's  bladder ;  but  this  is  easily  explained  by  irrita- 
tion of  some  other  part  of  the  alimentary  tract.  Irritation  of  the 
intestine  produces  vomiting  as  readily  as  irritation  of  the  stomach. 
Further,  they  assert  that  if  the  vagus-nerves  are  cut  below  the 
diaphragm,  tartar  emetic  only  causes  vomiting  when  injected  and 
not  when  given  by  the  mouth.  This,  however,  supposing  it 
to  be  correct,  which  is  doubtful,  does  not  prove  a  central  action, 
because  it  is  easy  to  conceive  other  reflex  effects  ;  for  example, 
vomiting  may  result  from  stimulation  of  the  vagal  endings  in  the 
lungs. 

It  must  also  hv  ivmembercd  that,  when  tlie  metal  is  given  by 
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the  mouth,  only  the  merest  trace  is  absorbed,  and,  further,  that 
antimony  has  no  known  stimulant  action  on  the  medulla,  as  shown 
on  the  cardio-inhibitory,  vaso-motor,  or  respiratory  centres.  We 
must,  therefore,  conclude  that  there  is  no  evidence  sufficiently 
satisfactory  to  place  tartar-emetic  amongst  the  central  emetics. 

ON  CERTAIN  GASES  WHICH  INFLUENCE  RESPIRATION 

OXYGEN 

If  a  healthy  person  is  allowed  to  inhale  pure  oxygen  no  effect  can 
be  observed,  and  it  is  quite  impossible  for  the  inhaler  subjectively 
to  discriminate  it  from  air.  It  produces  no  increase  in  the  respira- 
tory exchange  and  no  augmented  oxidation  of  the  tissues. 

Oxyhsemoglobin  is  a  definite  chemical  compound,  and  is  practically 
saturated  with  oxygen  during  normal  respiration,  so  that,  as  far  as 
the  haemoglobin  is  concerned,  no  advantage  is  to  be  derived  by 
increasing  the  partial  pressure  of  oxygen  in  the  inhaled  air.  An 
analysis  of  normal  arterial  blood  shows  the  presence  of  about 
18.5  per  cent,  by  volume  of  oxygen  as  oxyhaemoglobin,  and  also 
about  0.6  per  cent,  of  oxygen  in  simple  solution  in  the  blood  plasma. 
Although  a  substitution  of  oxygen  for  air  during  inhalation  cannot 
affect  the  oxyhsemoglobin  to  any  extent,  yet  it  increases  the  per- 
centage of  oxygen  dissolved  in  the  plasma,  which  may  rise  as  high 
as  3  per  cent.  During  normal  oxidation  of  the  tissues  the  oxygen 
in  solution  is  first  to  go  before  the  combined  oxygen  is  called  upon. 
Further,  this  combined  oxygen  is  never  entirely  used  up  :  in  the 
normal  cycle  of  the  circulation  not  more  than  about  30  per  cent, 
of  it  is  used,  and  even  in  asphyxia  the  blood  still  contains  some 
oxygen. 

The  inhalation  of  oxygen,  whilst  appearing  to  increase  the  amount 
of  oxygen  in  the  blood  only  slightly,  yet  does  so  very  beneficially, 
since  all  the  extra  oxygen  so  absorbed  is  employed  first  by  the 
tissues  before  the  oxyhsemoglobin  is  called  for. 

Oxygen  is  essential  for  the  proper  working  of  isolated  vascular 
tissues.  For  example,  a  strip  of  the  heart-muscle  from  the  turtle 
may  be  kept  beating  for  seventy  hours,  that  is,  until  dissolution 
begins,  if  only  it  is  bathed  in  a  suitable  solution  containing  oxygen. 
The  rabbit's  heart  can  be  kept  for  many  hours  in  vigorous  activity, 
provided  it  is  perfused  with  an  oxygenated  Ringer's  solution  con- 
taining a  trace  of  glucose  :  without  the  oxygen  the  beat  rapidly 
becomes  weak,  but  it  is  again  augmented  by  i"unning  oxygen  through 
the  perfusing  solution. 

From  these  facts  it  is  obvious  that  the  inhalation  of  oxygen 
may  be  of  great  use  in  many  conditions  where  the  normal  ox3''gena- 
tion  is  deficient.  In  cases  of  severe  hemorrhage,  or  in  which  the 
hcemoglobin  has  been  destroyed  by  nitrites,  by  CO  (coal  gas),  or 
by  the  benzene  compounds,  life  can  be  prolonged  by  oxygen  in- 
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halation  when  under  the  ordinary  condition  of  affairs  death  would 
ensue  from  asphyxia.  In  various  diseases  of  the  lungs  and  heart 
associated  with  cyanosis,  the  inhalation  of  oxygen  frequently  causes 
the  cyanosis  to  disappear,  at  least  temporally. 

Oxygen  is  generally  administered  mixed  with  air,  inhalations 
being  given  for  a  few  minutes  at  a  time  at  short  intervals. 

CARBONIC  ACID,  CO,.— Pure  air  should  contain  not  more  than 
about  0.03  per  cent,  of  carbonic  acid,  but  an  excess  of  this  amount, 
even  up  to  3  per  cent.,  produces  no  poisonous  symptoms.  It  is  only 
when  about  5  per  cent,  is  present  that  dyspnoea  becomes  evident, 
and  it  is  not  till  the  percentage  is  still  further  increased,  up  to  10 
per  cent.,  that  symptoms  of  narcosis  develop.  Carbonic  acid, 
therefore,  is  not  a  toxic  substance  of  importance. 

CARBONIC  OXIDE,  CO.— Poisoning  fi-om  this  gas  may  occur 
either  from  the  absorption  of  coal-gas,  which  contains  from  6  to  12 
per  cent.  CO,  or  water-gas,  which  contains  about  30  per  cent. 
Carbonic  oxide  is  also  responsible  for  the  deaths  produced  by  the 
after-damp  of  mines.  Carbonic  oxide  combines  with  hemoglobin 
and  forms  a  definite  compound  having  a  pink  colour.  The  spectrum 
is  shown  in  Fig.  68.  It  differs  from  oxyhsemoglobin  in  that  it  is 
not  reduced  by  such  bodies  as  ammonium  sulphide. 

The  symptoms  are  such  as  may  be  observed  as  a  result  of  de- 
privation from  oxygen  :  they  begin  with  dizziness  and  shortness 
of  breath,  especially  marked  on  the  least  exertion,  and  are  later 
followed  by  loss  of  consciousness.  These  are  probably  only  due  to 
lack  of  oxygen,  since  an  animal  placed  in  oxygen  at  two  atmospheres 
pressure  is  not  in  any  way  injured  by  forcing  in  carbonic  oxide. 
During  recovery  the  gas  is  given  off  again  by  the  lungs.  When- 
ever an  atmosphere  contains  anything  above  0.15  per  cent.  CO 
it  should  be  regarded  as  dangerous  to  life. 
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ESSENTIAL  OILS 

Most  plants  contain  in  their  seeds,  fruit,  leaves,  flowers,  &c.,  volatile 
bodies  which  give  rise  to  a  characteristic  odour  and  taste.  These 
bodies  have  an  oily  consistency,  but,  unlike  the  fatty  vegetable  oils, 
such  as  ohve  or  hnseed  oil,  which  consist  of  non-volatile  glycerides, 
these  oils  are  volatile  and  cannot  be  saponified  ;  and  the  odorous 
constituents  can  generally  be  separated  by  distilling  the  macerated 
plant-part  in  a  current  of  steam. 

Volatile  or  essential  oils  are  usually  composed  of  a  complex 
mixture  of  substances,  but  the  characteristic  property  is  due  to 
one  definite  compound.  Many  of  the  essential  oils,  therefore, 
have  common  constituents,  and  yet  differ  in  taste,  smell  and  other 
properties  because  of  a  small  percentage  of  some  highly  odoriferous 
compound. 

Ordinary  turpentine  is  the  best  known  of  these  bodies.  It  is 
obtained  as  an  exudation  by  making  shallow  cuts  into  the  stems 
of  pine  trees.  The  turpentine  so  obtained  is  distilled  in  a  current 
of  steam,  a  liquid  "  oil  of  turpentine"  passes  over  in  the  distillate, 
and  a  resin  is  left.  Turpentine  is,  therefore,  an  oleo-resin,  that  is, 
it  consists  of  an  essential  oil  containing  a  resin  dissolved  in  it. 
Oil  of  turpentine,  in  common  with  most  of  the  volatile  oils,  slowly 
oxidises  in  air,  and  is  converted  into  resin. 

The  volatile  oils  are  composed  of  bodies  belonging  to  the  aromatic 
or  benzene  series,  and  most  of  them  contain  one  or  more  terpenes, 
which  are  volatile  substances,  having  the  formula  CjoH^g,  and  which 
may  be  readily  converted  to  cymene.    All  these  terpenes  are  closel}' 


CH, 
Cymene. 

related  to  one  another.    The  following  are  the  more  important : — 
Pinene  (CjqHj,,),  a  liquid  occurring  in  all  pine  trees  (turpentine) 
and  in  many  other  essential  oils,  such  as  oil  of  lemon,  thyme  or 
parsley. 
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Camphene  (CjoH^^),  a  solid  terpene  occurring  in  a  large  number  of 
essential  oils,  such  as  oil  of  ginger  and  valerian.  It  is  obtained  also 
from  camphor. 

Limonene  (Cj^Hj,,),  contained  in  oils  of  lemon,  lavender,  caraway 
and  turpentine. 

Some  volatile  oils  contain  terpenes  only,  but  many  of  them 
have  also  oxidised  benzenoid  derivatives,  phenols,  ketones,  acids 
and  other  bodies.  Some  of  these  oxidised  products  crystalHse  out 
when  the  oil  is  sufficiently  cooled,  and  they  are  then  known  as 
stearoptenes,  of  which  menthol,  camphor  and  thymol  are  examples. 
Some  resins  form  an  emulsion  when  rubbed  up  with  water  ;  this  is 
due  to  the  presence  of  gum.  Ammoniacum,  galbanum  and  myrrh 
are  representatives  of  such  gum-resins. 

Balsams  are  essential  oils  containing  resin  and  either  cinnamic 
or  benzoic  acid  :  they  may  be  solid  or  liquid.  The  oils  extracted 
from  some  of  the  cruciferae  contain  sulphur  compounds,  which 
give  them  a  very  disagreeable  odour.  When  obtained  in  a  state 
of  purity  these  oils  are  clear,  colourless  liquids,  but  assume  a  yellow- 
ish tint  and  an  acid  reaction  on  keeping,  due  to  the  formation  of 
resin.  They  are  almost  insoluble  in  water,  but  can  easily  be  dis- 
solved in  alcohol,  ether  or  chloroform. 

Volatile  oils,  therefore,  differ  very  considerably  from  one  another, 
but  they  all  possess  two  common  characteristics,  their  volatility 
and  the  presence  of  the  benzene  nucleus.  And  it  is  principally  to 
these  two  properties  that  they  owe  their  use  in  medicine.  There- 
fore, while  in  small  doses  their  action  is  very  similar,  when  large 
doses  are  administered  and  the  specific  effect  of  the  drug  after 
absorption  comes  into  play,  their  action  will  be  found  to  differ 
considerably. 

For  convenience  of  description,  the  volatile  oils  and  their  relatives 
the  oleo-resins,  resins  and  balsams  may  be  divided  into  the  following 
groups,  according  to  their  use  : — 

I. — Turpentine  Group 

(a)  Oils  and  Oleo-resins 

Thus  americaniim.  Frankincense,  solid  yellow  oleo-resin  obtained 
from  the  trunks  of  Pinus  palustris. 

Oleum  terebinlhincB,  obtained  by  steam  distillation  from  the  oleo- 
resin  of  Pimts  sylvestns.  The  crude  oleo-resin,  that  is.  turpentine, 
contains  about  15  per  cent,  oil  of  turpentine. 

Terebcnum  is  obtained  by  agitating  oil  of  tur]:)cntine  with  suliahuric 
acid  and  then  distilling  in  a  current  of  steam.  It  is  composed  of  a 
mixture  of  terpenes. 

Oleum  pint,  the  oil  distilled  from  the  fresh  leaves  of  Pinus  pumilis. 

Pix  Burgundica.  a  solid  oleo-resin  from  the  stem  of  Ptcea  excelsa. 

Terebinthina  Canadensis  (Canada  balsam)  is  an  oleo-resin  containing 
75  per  cent,  resin.  It  is  not  a  true  balsam  since  it  contains  no  cinnamic 
or  benzoic  acid. 
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Terebene  is  a  mixture  of  dipentene  and  other  hydrocarbons. 

CH., 


K 


H 
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Dipentene  in  terebene,  oil  of  camphor,  &c. 
(b)  Resins 

Resina,  remaining  after  the  oil  of  turpentine  is  distilled  off  from 
the  crude  oleo-resin  (turpentine).  The  chief  constituent  is  abietic 
acid,  C.gHjyCOOH. 

Ammoniacum,  a  gum-resin  obtained   from  the   flowering  stem  of 
Dorema  ammoniacum.  .  Among  other  bodies  it  contains  the  complex 
/OH 

Galbanum,  a  gum-resin  obtained  from  Ferula  galhanifula. 
Myrrha.  a  gum-resin  exuded   from  the  stem  of  Balsamodendron 
myrrha. 

Guaiacum,  the  wood  of  G.  offiicinale.  The  chief  constituent  is  the 
resin,  which  is  present  to  20  per  cent,  in  the  heart-wood,  and  which 
exudes  from  the  wood  spontaneously  in  tears. 

(c)  Tars 

Fix  liqtiida  (wood-tar)  is  obtained  by  destructive  distillation  of 
Finns  .sylvestris.  It  is  a  very  complex  mixture,  containing  resin,  char- 
coal, acetic  acid,  oil  of  turpentine,  pyrocatechin  ajjd  phenol. 

Fix  carbonis  prcBparata  (coal-tar)  is  obtained  by  heating  commercial 
coal-tar  so  as  to  drive  off  the  ammonia  it  contains.  Its  antiseptic 
properties  are  due  to  phenol,  naphthalene  and  allied  bodies. 

Oleum  cadinum,  from  destructive  distillation  of  Juniperus  oxycedrus. 
It  is  less  viscid  than  ordinary  tar. 

^  ^  ^  CH  =  CH.COOH 

(d)  Balsams,  or  oleo-resins,  containing  cinnamic 


and  benzoic 


COOH 


acids. 


Styrax  prcBparaiits  (prepared  storax),  the  purified  balsam  from  the 
trunk  of  Liquidambar  orientalis.  Storax  may  yield  more  than  20 
per  cent,  of  cinnamic  acid.    The  volatile  oil  is  never  present  to  more 

I       I  CH  =  CH, 

than  I  per  cent.    It  also  contains  styrene 
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Bemoimtm,  a  balsamic  resin  exuding  from  artificial  incisions  of  the 
bark  of  Slyrax  benzoin.  It  contains  nearly  40  per  cent,  of  cinnamic 
and  benzoic  acids.    The  percentage  of  volatile  oil  is  small. 

Balsamum  Penivianum,  a  resinous  exudation  from  the  bark  of 
Myroxylon  pereirce.  It  contains  30  per  cent,  of  resin,  60  per  cent,  of 
volatile  oil,  and  some  benzoic  acid. 

Balsamum  Tolutanum,  obtained  by  incisions  into  the  stems  of  My- 
roxylon tolnifera.    It  contains  12  to  15  per  cent,  of  free  cinnamic  acid. 

II. — Urinary  Disinfectants  or  Diuretics 

Copaiba,  an  oleo-resin  from  the  trunk  of  Copaifera  langsdorfii.  It 
contains  about  50  per  cent,  volatile  oil  (sesquiterpene),  the  rest  being 
a  mixture  of  acid  resins. 

Cubehce  fructus  (cubebs),  the  dried  unripe  fruit  of  Piper  cubeba.  It 
contains  10  to  18  per  cent,  volatile  oil  (oleum  cubebae),  besides  terpenes, 
cubeb  camphor— an  oxidation  product  present  in  largest  amount  in 
old  oils — and  a  bitter  substance,  cubebin,  which  is  not  absorbed. 

Oleum  saniali,  Santal-wood  oil.  Obtained  by  distillation  from  the 
wood  of  Santalum  album.  It  contains  two  oxidised  substances,  santalol 
and  santalal,  which  can  be  reduced  to  a  sesquiterpene  identical  with 
that  of  copaiba. 

Oleum  juniperi,  obtained  by  distillation  from  unripe  fruit  of  Juni- 
perus  communis  :  it  generally  contains  about  i  per  cent,  volatile  oil. 

Biccfm  folia,  obtained  from  Barosma  betulina.  They  yield  from  i  to 
2  per  cent,  of  volatile  oil.    A  bitter  principle  is  also  present. 

III. — Malodorous 

Asafefida,  a  gum-resin  obtained  from  Ferula  fetida.  It  produces 
from  4  to  8  per  cent,  of  a  volatile  oil,  containing  some  oil  of  garhc 
(C3Hj),S,  25  per  cent,  gum,  and  50  to  70  per  cent,  resin. 

Valerian,  the  root  of  Valeriana  o-fficinalis.  Contains  about  i  per 
cent,  volatile  oil,  which  has  no  odour  when  freshly  distilled,  but  which, 
on  exposure  to  air,  soon  develops  a  very  unpleasant  smell.  The  oil  is 
composed  of  terpenes,  Borneo-camphor  and  fatty  acids. 

Sumhul,  the  root  of  Ferula  sumbul.  The  drug  contains  about  0.3 
per  cent,  of  a  volatile  oil,  as  well  as  some  fixed  oil  and  a  resin.  It 
possesses  a  strong  musk-like  odour. 

IV. — Carminatives  and  Flavouring  Agrnts 

The  first  five  of  these  do  not  depend  on  the  volatile  oil  for  their 
active  constituents. 

Piper  nigrum  (black  pepper). — The  dried  unripe  fruit  generally 
contains  about  2  per  cent,  of  volatile  oil,  to  which  the  characteristic 
odour  is  due  ;  the  taste  is  the  result  of  a  resin  and  an  alkaloid  piperine. 

Zingiber  (ginger). — The  scraped  and  dried  rhyzome  of  Zingiber  offici- 
nale. It  contains  from  2  to  3  per  cent,  of  volatile  oil,  an  oily  substance, 
gingcrol,  and  a  resin. 

Capsici  fructus  (cayenne  pepper)  is  tlie  dried  fruit  of  Capsicum 
minimum.  It  contains  about  0.02  per  cent,  capsaicin  (C,jH,^0,),  which 
causes  the  characteristic  pungency.  It  also  contains  a  fixed  oil,  a 
volatile  oil,  and  some  resin. 
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Pyrethn  radix,  obtained  from  Anacyclus  pyrelhrum.  It  contains 
an  acrid  resin,  two  acrid  fixed  oils,  a  little  volatile  oil,  and  some  tannin. 

Armoracice  cortex  (horse-radish)  is  the  product  of  Cochlearia  armoracia. 
Its  principal  constituents  are  sinigrin,  myrosin,  and  about  0.05^  per 
cent,  volatile  oil. 

Coriandri  fructus  is  the  product  of  Coriandrum  sativum.  It  contains 
about  I  per  cent,  of  the  official  oil  Oleum  coriandri. 

Cardamomi  semina  are  from  Eleitaria  cardamomum.  They  have 
nearly  5  per  cent,  of  volatile  oil  and  10  per  cent,  of  fixed  oil. 

Sassafras  is  very  rarel}-  used  as  a  flavour.  It  contains  volatile  oil 
and  a  camphor. 

Anisi  fructus,  the  dried  fruit  of  Pimpinella  anisum.  Oleum  anisi 
is  distilled  from  the  fruit.  It  contains  among  other  substances 
anethole — about  90  per  cent. — 

CH  =  CH-CH., 
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Anethole. 

ArniccB  rhizoma,  dried  rhizome  and  rootlets  of  Arnica  montana.  It 
contains  0.5  per  cent,  oil,  a  bitter  acrid  principle,  arnicin,  and  a  little 
tannin. 

Pimento,  the  dried  unripe  fruit  of  Pimenta  officinalis.  Its  con- 
stituents include  Oleum  pimentce,  4  per  cent. — the  official  volatile  oil,  a 
good  deal  of  tannin,  a  phenol,  and  some  fixed  oil. 

Fceniculi  fructus,  from  Fceniculum  capillaceum. 

Aneihi  fructiis  (Dill  fruit). — Dried  ripe  fruit  of  Peucedanum  graveolens. 

Oleum  anethi  is  a  pale  yellow  oil  distilled  from  the  fruit. 

Carui  frvictus. — Caraway  fruit  is  the  product  of  Carum  carvi.  It 
contains  from  3  to  7  per  cent,  of  tlie  volatile  oil,  Oleum  carui. 

Cinnamomi  cortex. — Its  chief  constituents  are  the  volatile  oil  Oleum 
cinnamomi,  0.5  to  i  per  cent,  (containing  about  75  per  cent,  cinnamic 
aldehyde  CgHj.CH  :CH.CHO),  and  a  little  tannin. 

Mvmiicfl.— Nutmeg  is  the  dried  seed.  "When  distilled  with  water 
nutmfegs  yield  from  8  to  15  per  cent.  Oleum  myristiccs.  They  also 
contain  nearly  30  per  cent,  of  solid  fat. 

Anihemidis  fiores  (chamomile  flowers)  contain  Oleum  anthemidis,  a 
bluish  oil  distilled  from  the  flowers. 

Sambuci  fiores  (elder  flowers)  contain  about  0.2  per  cent,  essential  oil. 

Caryophy Hum. —The  dried  flower  buds  of  Eugenia  caryophyllata.  It 
contains  15  to  20  per  cent.  Oleum  caryophylli  and  about  12  per  cent, 
of  tannin.    The  oil  is  composed  mainly  of  cugcnol. 


J  O.CH, 
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Aurantii  cortex,  rccens  and  sicca/iis. -—■Bitter  orange  peel  contains 
besides  the  oil  a  bitter  glucosidc,  aurantiamarin. 

Limonis  cortex,  the  fresh  outer  part  of  the  fruit  of  Citrus  media. 
It  contains  the  official  volatile  oil  Oleum  limonis,  and  a  bitter  glucoside, 
hcsperetin. 

RoscB  GalliccB  petala. — The  odour  is  due  to  the  official  oil  Oleum  roses. 

Oleum  cajuputi,  obtained  by  distillation  from  leaves  of  Melaleuca 
leucadendron.    It  consists  of  60  per  cent,  eucalyptol. 

Oleum  rosmarini,  by  distillation  of  flowering  tops  of  Rosmarinus 
officinalis. 

Oleum  lavandul(s,  by  distillation  from  the  flowers. 

Oleum  eucalypti,  obtained  by  distillation  from  the  leaves  of  Euca- 
lyptus globulus.  60  per  cent,  of  the  oil  is  eucalyptol,  a  body  which  is  also 
present  in  the  oils  of  cajuput  and  lavender. 
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Eucalyptol. 

Oleum  menthce  piperita;,  obtained  by  distillation  from  fresh  flowering 
mentha  piperita.    It  contains  from  60  to  65  per  cent,  of  menthol. 

Oleum  menthcB  viridis,  obtained  by  distillation  from  the  fresh  flowering 
Mentha  viridis. 

This  list,  however,  does  not  include  all  official  plants  containing 
volatile  oils,  since  some  of  the  oils  possess  such  special  characteristics 
as  to  be  more  conveniently  examined  under  another  heading,  such, 
for  example,  as  mustard.  Many  plants  contain,  along  with  the 
volatile  oil,  other  and  more  important  substances,  such  as  hydro- 
cyanic acid  in  the  case  of  bitter  almonds,  and  filicic  acid  in  male 
fern. 

ACTION  OF  THE  VOLATILE  OILS  IN  GENERAL 

External. — ^The  volatile  oils  are  used  as  antiseptics  both  e.x- 
ternally  and  when  taken  by  the  mouth.  This  is  a  specific  action 
on  protoplasm,  an  effect  which  is  characteristic  of  the  benzene 
derivatives  to  which  the  terpenes  belong  :  the  effect  is  aided  by 
the  volatility  of  the  oils,  which  are  enabled  the  more  easily  to 
enter  the  cell  and  get  into  contact  with  the  protoplasm.  Volatile 
oils,  in  .sufficient  concentration,  are  rapidly  germicidal  to  all  forms 
of  bacteria 
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When  applied  to  the  skin  they  produce  irritation,  itching  and 
redness,  followed  by  numbness,  the  irritant  effect  again  being 
increased  by  the  volatility  of  the  drug.  Oil  of  cloves  is  used  in 
dentistry  both  to  relieve  pain  and  act  as  an  antiseptic ;  and  thymol 
was  formerly  employed  in  surgery,  but  is  now  discarded  on  account 
of  its  insolubility. 

The  redness  is  the  result  of  dilatation  of  the  vessels,  and  the 
volatile  oils  are  therefore  rubefacient ;  arnica  is  used  popularly 
for  this  purpose.  Certain  oils,  such  as  oil  of  mustard,  affect  the 
skin  in  a  specific  manner  ;  others,  as  menthol,  cause  a  specific 
stimulation  of  those  nerves  conveying  the  sensation  of  cold.  The 
oils  of  rosemary,  juniper  and  savin  are  the  most  irritant  and  are 
rarely  taken  internally. 

Many  of  these  drugs  are  used  as  inhalations  to  affect  the  bron- 
chioles locally.  The  vapour  of  turpentine  so  administered  arrests 
the  secretion  of  mucus,  and  has,  therefore,  been  employed  in  con- 
ditions in  which  there  is  profuse  secretion  and  congestion.  Others, 
such  as  eucalyptus,  have  been  similarly  used  for  phthisis  and 
septic  conditions  of  the  lungs  in  which  an  antiseptic  effect  was 
desired  ;  their  employment  for  this  purpose  has  been  a  disappoint- 
ment. 

Alimentary  Canal. — ^The  essential  oils  generally  have  an  agree- 
able taste ;  they  cause  a  hot  sensation  in  the  mouth,  a  reflex 
flow  of  saliva,  and  increased  appetite.  Many  of  them  possess  so 
powerful  an  odour  that  they  are  used,  in  the  form  of  smeUing  salts, 
to  stimulate  the  medulla  reflexly  through  the  olfactory  nerves. 

In  the  stomach  they  exert  much  the  same  effect  as  on  the  skin, 
that  is,  they  produce  a  mild  form  of  irritation,  leading  to  increased 
vascularity,  more  rapid  absorption,  and  augmented  movement ;  at 
the  same  time  they  exert  their  powerful  antiseptic  action.  These 
effects  give  rise  to  a  feeling  of  warmth  and  well-being,  and  not 
infrequently  to  the  eructation  of  gas  and  the  relief  of  colic.  Such 
bodies  are  generally  spoken  of  as  carminatives.  Some  of  the  good 
results  obtained  by  volatile  oils  are  no  doubt  suggestive,  and  arise 
from  the  pleasing  sensations  which  they  cause  in  the  stomach. 
The  influence  of  taste  must  not  be  forgotten  :  there  is  no  doubt 
that  a  considerable  increase  of  gastric  juice  will  result  reflexly 
from  the  stimulation  of  the  taste  nerve-endings,  in  much  the  same 
way  as  a  pleasant  odour  may  make  one's  mouth  water  ;  and  it  is 
also  noticeable  that  the  appetite  is  stimulated.  Excessive  doses 
give  rise  to  gastro-enteritis,  with  vomiting  and  diarrhoea,  the 
intestines  being  affected  in  much  the  same  way  as  the  stomach. 

The  essential  oils  are  rapidly  absorbed,  they  circulate  unchanged 
in  the  blood,  and  can  usually  be  detected  in  the  breath.  They 
may  be  administered  with  other  substances  to  increase  their  rate 
of  absorption,  being  in  this  respect  like  most  other  irritants  and  alcohol. 

Elood. — The  volatile  oils  when  administered  by  the  mouth 
produce   a  leucocytosis,  especially  of  the  polynuclear  variety.  As 
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the  effect  is  said  not  to  occur  when  they  are  injected,  it  is  probably 
brought  about  by  their  irritant  action  on  the  alimentary  canal. 

Central  Nervous  System. — Only  in  very  large — non-medicinal 
— doses  do  the  volatile  oils  affect  the  central  nervous  system. 
The  action  consists  of  stimulation  followed  by  depression,  and  is 
especially  upon  the  brain.  The  effect  is  no  doubt  due  to  the  benzene 
nucleus  contained  in  the  terpenes.  Different  oils  vary  considerably 
in  the  production  of  these  effects  :  generally  the  stimulation  is  not 
a  very  marked  feature  ;  in  the  case  of  turpentine  it  is  very  tran- 
sitory, and  the  ultimate  narcotic  effect  is  the  more  pronounced  ; 
in  rabbits  it  is  easy  so  to  diminish  the  reflex  excitabihty  that  poi- 
sonous doses  of  strychnine  no  longer  cause  convulsions.  During 
the  stimulation  stage  the  blood-pressure  rises  and  the  depth  and 
frequency  of  respiration  is  increased,  the  effects  being  due  to  ex- 
citation of  the  vaso-motor  and  respiratory  centres  respectively. 
With  absinthe,  and  to  a  less  extent  with  nutmeg,  the  reflex  ex- 
citability can  be  so  increased  as  to  lead  to  convulsions  of  a  reflex 
character  and  probably  due  to  excitation  of  the  cerebral  cortex. 
{See  camphor.) 

Fatty  degeneration  of  various  organs,  such  as  the  liver  and  kidney, 
has  been  described  after  the  continuous  administration  of  some 
of  these  oils. 

Excretion. — The  volatile  oils  are  excreted  by  the  lungs,  skin 
and  kidneys.  During  excretion  from  the  lungs  their  odour  is 
readily  recognised  in  the  breath,  and  they  exert  a  mild  irritation 
leading  to  stimulation  of  the  ciliated  epithelium  and  to  reflex 
coughing ;  they  are  used  therefore  as  expectorants.  Formerly 
it  was  hoped  that  they  would  exert  a  sufficiently  strong  antiseptic 
action  in  the  lungs  to  arrest  the  growth  of  organisms,  but  this  ideal 
has  not  been  realised.  Various  preparations,  such  as  oil  of  garlic, 
pitch  and  others,  are  still  used  however  in  phthisis. 

Some  small  amount  is  excreted  by  the  skin  and,  acting  as  a  mild 
stimulant,  produces  slight  diaphoresis. 

Volatile  oil  is  excreted  combined  with  glycuronic  acid,  by  the 
kidneys.  It  causes  here,  as  elsewhere,  a  mild  antiseptic  and  irritant 
action,  the  latter  producing  dilatation  of  renal  vessels  resulting  in 
diuresis.  This  action  is  particularly  well  marked  with  the  oils  of 
copaiba  and  cubebs,  but  it  can  be  observed  with  almost  any  of  them. 
Many  of  the  oils  give  a  peculiar  odour  to  the  urine  :  oil  of  turpentine 
and  oil  of  eucalyptol  produce  a  sweetish  odour  somewhat  resembling 
violets  ;  this  is  probably  due  to  some  small  percentage  of  an  oxida- 
tion product,  as  most  of  the  oil  is  excreted  unchanged. 

Resins  are  excreted  in  the  urine  combined  with  glycuronic  acid. 
The  addition  of  acids  to  such  a  urine  may  result  in  a  precipitate 
somewhat  re.sembling  albumen. 


294 


A  MANUAL  OF  PHARMACOLOGY 


Special  Uses  of  Certain  Oils 

The  members  of  the  turpentine  group  possess  a  more  penetrating 
action  on  the  skin  than  most  other  volatile  oils.  This  is  due  to 
their  greater  volatiUty,  the  result  of  containing  a  large  proportion 
of  terpene.  They  generally  have  a  nauseating  taste,  are  more 
irritant  to  the  aHmentary  canal  than  other  oils,  and  are  more 
hkely  to  lead  to  lumbar  pain,  albuminuria,  and  .h£ematuria  duiing 
their  excretion  ;  for  this  reason  they  are  seldom  given  internally. 

They  are  used  principally  for  their  action  on  the  skin,  but  oil  of 
turpentine  is  sometimes  employed  as  an  anthelmintic  for  tape- 
worms. 

The  tars  are  used  externally  in  the  form  of  ointments  for  the 
purpose  of  stimulation  in  chronic  cutaneous  diseases.  Resins  have 
the  general  effects  of  the  other  volatile  oils,  common  resin  being 
generally  employed  as  a  mild  stimulant  to  the  skin.  Ammoniacum, 
galbanum  and  myrrh  act  like  the  volatile  oils.  Guaiacum  has  a 
nauseating  taste  and  is  rarely  given  :  it  is  sometimes  used  empiri- 
cally in  syphihs,  chronic  rheumatism  and  gout,  but  it  is  doubtful 
whether  it  has  any  action  on  these  diseases  other  than  subjective. 
Balsams  are  generally  administered  for  their  expectorant  action  ; 
the  cinnamic  acid  which  they  contain  very  slightly  increases  the 
number  of  polymorphonuclear  leucocytes  in  the  blood  and  the  uric 
acid  in  the  urine. 

Urinary  Disinfectant  Group.— These  drugs  possess  the  ordinary 
properties  of  the  other  volatile  oils,  and  are  excreted  hke  them 
mainly  by  the  kidneys  in  combination  with  glycuronic  acid,  but 
a  small  percentage  of  oil  is  oxidised  in  the  tissues.  Duiing  their 
passage  through  the  bladder  and  urethra  they  exert  an  antiseptic 
action,  and  urine  which  has  been  passed  can  be  kept  for  days  without 
undergoing  putrefaction.  They  are,  therefore,  used  in  chronic 
inflammatory  conditions  of  the  bladder  and  urethra,  especially 
gonorrhoea. 

The  acid  resins  which  are  present  in  the  oils  of  copaiba  and  cubebs 
are  also  excreted  by  the  kidneys,  and  give  rise  to  considerable 
diuresis.  When  it  is  in  large  quantities  the  addition  of  concen- 
trated nitric  acid  to  the  urine  produces  precipitation  of  this  resin 
which  may  be  mistaken  for  albumen.  The  precipitate  of  resin, 
however,  is  soluble  either  in  alcohol  or  excess  of  acid. 

Glycuronic  acid  causes  a  reduction  of  Fehling's  solution,  but, 
unlike  sugar,  glycuronic  acid  is  not  fermented  by  yeast.  Large 
doses  of  resin  produce  great  irritation,  as  shown  by  pain  in  the  loins, 
with  blood  and  albumen  in  the  urine. 

Copaiba  and  cubebs  are  liable  to  jiroduce  erythematous  or  urti- 
carial rashes  as  a  result  of  irritation  during  excretion  by  the  skin. 
Oil  of  Santal  wood  is  somewhat  less  irritant  than  copaiba,  but 
otherwise  its  action  is  the  same.  Oil  of  junijier  resembles  oil  of 
turpentine,  but  is  not  so  irritating  :  it  is  employed  as  a  diuretic. 


SPECIAL  USES  OF  VOLATILE  OILS 


293 


Bucliu  is  both  diuretic  and  disinfectant  to  the  geni to-urinary 
tract. 

The  Malodorous  drugs  possess  the  orcUnary  action  of  the 
volatile  oils,  but  on  account  of  their  extremely  nasty  taste  they 
are  credited  with  beneficial  subjective  effects  in  certain  functional 
disorders. 

Carminative  and  Flavouring  Agents. — ^These  are  in  abundance 
in  the  Pharmacopoeia.  Some,  as  eucalyptus,  have  been  largely 
used  as  antiseptics  and  disinfectants  ;  others,  as  oil  of  cloves,  in 
the  relief  of  pain,  such  as  neuralgia  from  a  decayed  tooth.  Piper 
pyrethrum  and  capsicum  are  very  irritant  both  to  the  skin  and 
alimentary  canal  :  their  absorption  in  quantity  may,  lead  to  in- 
flammation of  the  kidneys. 

Many  are  used  either  as  flavouring  agents  or  to  give  a  pleasant 
odour  to  liniments  :  such  are  the  oils  of  rosemary,  lavender,  rose 
and  elder  flowers,  whilst  the  oils  of  cinnamon  and  lemon  and  the 
various  preparations  of  orange  are  exhibited  to  conceal  the  taste 
of  nasty  medicine.  The  majority  of  the  oils  of  this  group  are 
employed  as  carminatives,  and  are  specially  valuable  in  flatulence 
and  abdominal  distension  in  which  there  is  no  reason  to  fear  gastro- 
intestinal irritation.  ■ 

A  word  may  be  said  here  on  the  action  of  musk,  the  dried  secretion 
from  the  preputial  follicles  of  the  musk  deer.  Though  it  does  not 
contain  an  essential  oil  it  appears  to  act  hke  these  bodies. 

It  is  a  stimulant  to  the  medulla,  and  probably  acts  reflexly  through 
the  sensory  nerves.  It  is  used  empirically  in  the  treatment  of 
hysteria  and  in  various  disorders  supposed  to  be  of  spasmodic 
origin. 

MATERIA  MEDICA 

Turpendne  Gyuup  :  — 
Thus  Americanum. 

Oleum  Terebinthinse.    Dose,  2  to  10  m.,  or  3  to  4  drs.  as  an  anthel- 
mintic. 

Preparations 

1.  Linimentum  Terebinthinse. — With  camphor. 

2.  Linimentum  Terebinthinse  Aceticum. — Glacial  acetic  acid  and 

liniment  of  camphor. 

Oleum  Pini. 
Pix  Burgundica. 

PkiCI'AKATION 

Emplastrum  Picis. 

Terebinthina  Canadensis. 
Terebenum.    Dose,  5  to  15  m. 


296  A  MANUAL  OF  PHARMACOLOGY 

Resins : — 
Resina. 

Preparations 

1.  Emplastrum    Resinae    (adhesive    plaster). — Resin,    and  lead 

plaster. 

2.  Unguentum  Resinae. 

Ammoniacum.    Dose,  5  to  15  grs. 

Preparations 

1.  Emplastrum  Ammoniaci  cum  Hydrargyro. 

2.  Mistura  Ammoniaci.    Dose,  ^  to  1  oz. 

Galbanum.    Dose,  5  to  15  grs. 

Prep.\ration 

f"         Pilula  Galbani  Composita. — Galbanum,  asafetida,  myrrh. 
Dose,  4  to  8  grs. 

Myrrh.    Dose,  10  to  30  grs. 

Preparations 

1.  Tinctura  Myrrhae. 

Dose,     to  I  dr. 

2.  Pilula  Aloes  et  Myrrhae. 

Dose,  4  to  8  grs. 

Guaiaci  Lignum. 

Guaiaci  Resina.    Dose,  5  to  15  grs. 

Preparations 

1.  Mistura  Guaiaci. 

Dose,  ^  to  I  oz. 

2.  Tinctura  Guaiaci  Ammoniata. 

Dose,  ^  to  1  dr. 

3.  Trochiscus  Guaiaci  Resinae. — 3  grs.  in  each. 

4.  Pilula  Hydrargyri  Subchloridi  Composita. 

Tars : — 

Pix  Liqudia.    Dose,  20  to  60  m. 

Preparation 
Unguentum  Picis  Liquidae. 
Pix  Carbonis  Praeparata. 

Preparation 
Liquor  Picis  Carbonis. 
Oleum  Cadinum. 

Balsams : — 

Styrax  Praeparatus.    Dose,  5  to  20  grs. 
Benzoinum. 

Balsamum  Peruvianum.    Dose,  5  to  15  m. 
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Balsamum  Tolutanum.    Dose,  5  to  15  m. 

Preparations 

1.  Syrupus  Tolulanus. 

Dose,  -}  to  I  dr. 

2.  Tinctura  Tolutana. 

Dose,  i  to  I  dr.    Balsam  of  tolu  is  i^rccipitated  bywatoi. 

Urinary  Disinfeciants  :  — 

Copaiba.    Dose,  i  to  i  dr. 

Oleum  Copaibae.    Dose,  5  to  20  m. 

Cubebae  Fructus.    Dose,  30  to  60  grs. 

Preparation 

Tinctura  Cubebae. 

Dose,  h  to  I  dr. 

Oleum  Cubebae.    Dose,  5  to  20  m. 
Oleum  Santali.    Dose,  5  to  30  m. 
Oleum  Juniperi.    Dose,     to  3  m. 

Preparation 

Spiritus  Juniperi, 

Dose,  20  to  60  m. 
Buchu  Folia. 

Preparations 

1.  Infusum  Buchu. 

Dose,  I  to  2  ozs. 

2.  Tinctura  Buchu. 

Dose,  J  to  I  dr. 

Malodorous  : — 

Asafetida.    Dose,  5  to  15  grs. 

Preparations 

1.  Pilula  Aloes  et  Asafetidae.— Asafetida,  Socotrine  aloes. 

Dose,  4  to  8  grs. 

2.  Spiritus  Ammonias  Fetidus. 

Dose,  20  to  40  m.  for  repeated,  60  to  90  for  single  ad- 
ministration. 

3.  Tinctura  Asafetidse. 

Dose,  J  to  I  dr. 
Valerianae  Rhizoma. 

Preparation 

Tinctura  Valerianae  Ammoniata. 
Dose,  I  to  I  dr. 

Zinci  Valerianas.    Dose,  i  to  3  grs. 
Sumbul  Radix. 

Preparation 

Tinctura  Sumbul, 

Dose,  i  to  I  dr. 
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Carminatives  and  Flavouring  Agents  : — 
Piper  Nigrum.    Dose,  5  to  20  grs. 

Preparation 

Confectio  Piperis. 

Dose,  60  to  120  grs. 

Capsici  Fructus.    Dose,  i  to  i  gr. 

Preparations 

1.  Tinctura  Capsici. 

Dose,  5  to  15  m. 

2.  Unguentum  Capsici. 

Zingiber.    Dose,  10  to  20  grs. 

Preparations 

1.  Syrupus  Zingiberis. 

Dose,  i  to  I  dr. 

2.  Tinctura  Zingiberis. 

Dose,  30  to  60  m. 

Pyrethri  Radix. 

Preparation 

Tinctura  Pyrethri. 
Armoraciae  Radix.    Dose,  I  to  2  drs. 

Prp;paration 

Spiritus  Armoraciae  Compositus. 
Dose,  I  to  2  drs. 

Coriandri  Fructus. 

Oleum  Coriandri.    Dose,  J  to  3  m. 

Cardamomi  Semina. 

Preparation 

Tinctura  Cardamomi  Composita. 
Dose,  2  to  I  dr. 

Sassafras  Radix. 
Anisi  Fructus. 

Preparation 

Aqua  Anisi. — i  in  10. 

Dose,  I  to  2  ozs.  or  more. 

Oleum  Anisi.    Dose,  3  to  3  m. 

Preparation 

Spiritus  Anisi, 

Dose,  5  to  20  m. 

Arnicae  Rhizoma. 

Preparation 

Tinctura  Arnicae. 
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Pimento. 

Preparation 

Aqua  Pimentae.  —  i  in  20. 
Dose,  I  to  2  ozs. 

Oleum  Pimentae.    Dose,  i-  to  3  m. 
Foeniculi  Fructus. 

Preparation 

Aqua  Foeniculi. — i  in  10. 
Dose,  I  to  2  oz. 
Anethi  Fructus. 

Preparation 

Aqua  Anethi.— I  in  10. 
Dose,  I  to  2  oz. 

Oleum  Anethi.    Dose,  i  to  3  m. 
Carui  Fructus- 

Preparation 

Aqua  Carui. — i  in  10. 

Oleum  Carui.    Dose,  I-  to  3  m. 
Cinnamomi  Cortex.    Dose,  10  to  20  grs. 

Preparations 

1.  Aqua  Cinnamomi — i  in  10. 

Dose,  I  to  2  ozs. 

2.  Pulvis  Cinnamomi  Compositus. 

Dose,  10  to  40  grs. 

3.  Tinctura  Cinnamomi. 

Dose,  |-  to  I  dr. 

Oleum  Cinnamomi,    Dose,  ^  to  3  m. 

Preparation 

Spiritus  Cinnamomi. 

Dose,  5  to  20  m. 

Myristica. 

Oleum  Myristicae.    Dose,  |-  to  3  m. 

Preparation 

Spiritus  Myristicae. 

Dose,  5  to  20  m. 

Anthemidis  Flores. 

Oleum  Anthemidis.    Dose,  I-  to  3  m. 

Preparation 

Extractum  Anthemidis. 
Dose,  2  to  8  grs. 

Sambuci  Flores. 

Preparation 

Aqua  Sambuci.  —  i  in  1. 
Dose,  I  to  2  ozs. 
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Caryophyllum. 

Preparation 

Infusum  Caryophylli. 
Dose,  I  to  I  02. 

Oleum  Caryophylli.    Dose,  ^  to  3  m. 
Aurantii  Cortex.    See  under  Bitters. 
Limonis  Cortex. 

Preparations 

1.  Syrupus  Limonis. 

2.  Tinctura  Limonis. 

Dose,  J  to  I  dr. 

Oleum  Limonis.  Dose,  |^  to  3  m. 
Succus  Limonis.    Dose,  |  to  4  oz. 

Preparations 

1.  Syrupus  Limonis. 

Dose,  ^  to  I  dr. 

2.  Acidum  Citricum. 

Rosae  Gallicae  Petala. 

Preparations 

1.  Confectio  Rosae  Gallicae. 

Dose,  30  to  60  grs. 

2.  Infusum  Rosae  Acidum. 

Dose,  J  to  I  oz. 

3.  Syrupus  Rosae. 

Dose,  2"  to  I  dr. 

Oleum  Rosae. 

Preparations 

1.  Aqua  Rosae. 

Dose,  I  to  2  oz. 

2.  Unguentum  Aquae  Rosse. 

Oleum  Cajuputi.    Dose,  J  to  3  m. 

Prepar.\tion 

Spiritus  Cajuputi. 

Dose,  5  to  20  m. 

Oleum  Rosmarini.    Dose,  |  to  3  m. 

Preparation 

Spiritus  Rosmarini. 

Dose,  5  to  20  m. 

Oleum  Lavandulae.    Dose,  J  to  3  m. 

Preparations 

1.  Spiritus  Lavandulae. 

Dose,  5  to  20  m. 

2.  Tinctura  Lavandulae  Composila. 

Dose,  J  to  I  dr. 
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Oleum  Eucalypti.    Dose,  |  to  3  m. 

Preparation 
Unguentum  Eucalypti. 
Oleum  Menthae  Piperitae.    Dose,  J-  to  3  m. 

Preparations 

1.  Aqua  Menthae  Piperitae. 

Dose,  I  to  2  oz. 

2.  Spiritus  Menthae  Piperitae. 

Dose,  5  to  20  m. 

Oleum  Menthae  Viridis.    Dose,  I  to  3  m. 

Preparation 

Aqua  Menthae  Viridis. 
Dose,  I  to  2  ozs. 

Moschus.    Dose,  5  to  10  grs. 

STEAROPTENES 
Camphor,  Menthol,  Borneol,  Thymol 

Stearoptenes  are  crystaUine  substances  which  are  deposited 
when  certain  essential  oils  are  allowed  to  stand.  Their  action  in 
general  resembles  that  of  essential  oils. 

Camphor  is  obtained  from  the  volatile  oil  of  Cinnamoimim 

CH,  CH  CH, 

CH,— C— CH3 

CH,  C  CO 

CH, 
Camphor. 

camphora.  It  may  also  be  prepared  artificially  by  oxidisine 
camphene,  a  sohd  terpene  C.^H.^.  It  is  soluble  in  1000  parts  of 
cold  water  or  m  one  part  of  alcohol.  It  is  also  readily  soluble  in 
oils,  such  as  almond  or  olive.  Milk  also  dissolves  it 'easily  one 
ounce  taking  up  nearly  one  drachm. 

Externally  camphor  has  a  mild  antiseptic  action  and  is 
commonly  used  to  keep  away  insects  ;  it  induces  in  thei^  a  state 
of  lethargy,  paralysis,  and  ultimately  death.  Camphor  vapour 
paralyses  undifferentiated  protoplasm,  white  blood-cells  become 
round  and  immobile,  and  the  movements  of  ciha  are  either  hin 
dered  or  cease  entirely.  When  it  is  rubbed  into  the  skin  it  acts  as 
an  irritant  and  dilates  the  vessels,  and  so  is  used  largely  as  a  rube- 
facient. 

Digestive  System.— When  taken  by  the  mouth  the  effects  of 
camphor  closely  resemble  those  of  the  volatile  oils.    It  has  a  hot 
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bitter  taste,  and  induces  a  feeling  of  warmth  and  comfort  in  tlic 
stomacli  ;  'it  is  therefore  employed  as  a  carminative.  Large 
amounts,  30  to  40  grs.,  induce  nausea  and  vomiting.  Camphor 
is  rapidly  absorbed  both  from  the  skin  and  alimentary  canal. 

Central  Nervous  System. — ^This  drug  has  a  decided  stimulant 
action  on  the  cerebral  cortex,  and  is  in  this  respect  like  certain  of 
the  volatile  oils,  especially  absinthe.  If  administered  to  animals 
with  poorly  developed  cerebral  hemispheres,  it  gives  rise  to  descend- 
ing paralysis  of  the  central  nervous  system  ;  this  is  characterised 
first  by  lethargy,  due  to  implication  of  the  cerebrum,  then  inco- 
ordination, pointing  to  an  affection  of  the  optic  lobes  and  cerebellum, 
followed  by  cessation  of  respiration  and  medullary  paralysis.  Later, 
spinal  reflexes  disappear,  and  lastly,  the  excitabihty  of  the  motor 
nerves.  Other  drugs  which  similarly  stimulate  the  cerebral  cortex 
and  produce  convulsions  in  mammalia,  such  as  cocaine,  also  give 
rise  to  their  secondary  effect  or  general  paralysis  in  the  frog. 

The  administration  of  large  doses,  say  40  grs.,  to  man  produces 
mental  excitement,  headache,  confusion  of  ideas,  giddiness  and 
inco -ordination  of  movement,  followed  by  tremors  and  sometimes 
epileptiform  convulsions. 

These  convulsions  are  easily  obtained  in  cats,  dogs  and  rabbits ; 
they  cease  on  the  administration  of  chloroform,  and  do  not  occur  if 
the  camphor  is  injected  after  the  removal  of  the  cerebral  cortex  or 
if  the  cord  has  been  previously  severed.  The  stimulation  gives 
place  to  depression,  as  shown  by  the  ultimate  stupor  and  loss  of 
consciousness.  In  mammaha,  death  always  results  before  the  cord 
or  motor  nerve-endings  are  affected. 

In  small  doses,  5  to  10  grs.,  camphor  produces  a  sense  of  comfort, 
exhilaration  and  stimulation  of  the  mental  faculties;  the  effect 
on  some  people  is  described  as  being  very  similar  to  that  of  alcohol. 

Circulation.— Small  doses  of  camphor,  about  5  grs.,  dilate 
the  skin-vessels  and  give  rise  to  a  feehng  of  warmth  as  with  alcohol. 
This  dilatation  affects  mainly  the  blush-area  (compare  nitrites) 
and  is  accompanied  by  sweating.  Perfusion  of  camphor  through 
isolated  organs  also  shows  dilatation,  as  indicated  by  the  increased 
flow  from  the  vein ;  but  this  is  relatively  small,  for  when  small 
injections  of  the  drug  are  made  into  a  healthy  animal's  vein  the 
pressure  does  not  fall. 

In  small  doses  camphor  has  httle  or  no  effect  on  the  mammalian 
heart.  In  large  doses  the  heart  is  slowed  and  the  blood-pressure 
faUs  ;  the  slowing  is  caused  by  a  direct  action  on  cardiac  muscle, 
and  the  fall  of  blood- pressure  is  mainly  vaso-motor  in  origni.  Ten 
grains  of  camphor  administered  to  man  produce  a  slightly  slower 

and  a  fuller  pulse.  1    •     •  4.1, 

Of  course,  during  a  convulsion  the  blood- pressure  wiU  rise  m  the 

same  way  as  with  strychnine  (Fig.  31). 

The  dilatation  of  vessels  will  result  in  an  increased  loss  of  heat, 

and  so  the  temperature  is  slightly  lowered.    Like  the  volatile  oils 
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camphor  is  said  to  increase  tlie  leucocytes  in  the  circulation.  Res- 
jiiration  is  little  affected. 

Absorption  and  Excretion. — Camphor  is  absorbed  probably 
as  such,  but  the  rate  of  absorption  is  very  irregular,  and  animals, 
after  having  a  single  dose,  sometimes  remain  narcotised  two  or 
three  daj^s.  In  the  tissues  camphor  is  partly  oxidised  to  cam- 
phorol,  CjQHjgOg  :  it  is  excreted  in  the  urine  combined  with  glycu- 
ronic  acid  ( (CHOH)^.CHO.COOH)  as  crystalline  campho-glycuronic 
acid,  together  with  an  amido-derivative  of  the  same  acid.  Campho- 
glycuronic  acid  is  inactive,  whilst  camphorol  has  the  same  action  as 
camphor,  so  that  if  this  combination  occurs  rapidly,  the  effects 
of  camphor  quickly  pass  off,  as  in  the  dog.  A  small  amount  of 
the  drug  is  also  excreted  from  the  skin  and  bronchioles. 

Camphoric  Acid,  CgHj^(C00H)2,  is  an  oxidation  product  of 
camphor.  It  is  not  very  toxic,  and  may  be  administered  in  very 
large  doses  without  serious  effects.  It  is  said  to  paralyse  the  nerve- 
endings  going  to  sweat-glands  Hke  atropine,  and  is  used  clinically 
to  prevent  excessive  sweating. 

Menthol  is  the  stearoptene  from  oil  of  peppermint,  CjoHj^OH. 
It  has  much  the  same  action  as  camphor,  but  is  employed  almost 
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H 

\/ 
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H 

Menthol. 

entirely  for  external  use  either  in  the  form  of  an  alcoholic  solution 
or  moulded  into  sticks.  If  it  is  rubbed  on  the  skin  a  distinct 
sensation  of  cold  is  experienced,  although,  like  camphor,  the  vessels 
are  dilated  and  the  skin  temperature  is  higher.  This  sensation  is 
followed  by  numbness  and  partial  anaesthesia,  and  thus  it  relieves 
neuralgia  when  painted  over  the  course  of  the  painful  spots.  Appa- 
rently menthol  has  some  specific  action  on  certain  nerves  ;  it  first 
excites  those  conveying  the  sensation  of  cold,  and  later  penetrates 
the  skin  and  paralyses  the  terminations  of  the  ordinary  sensory 
nerve-endings. 

The  other  effects  of  menthol  closely  resemble  those  of  cam- 
phor, thus,  it  is  carminative  but  more  hable  than  camphor  to 
upset  digestion.  Absorption  is  very  slow,  and  convulsions  are 
not  produced.  Menthol  is  much  more  strongly  antiseptic  than 
camphor;  it  is  excreted  in  the  urine  as  mentho-glycuronic  acid, 
which  it  renders  aseptic,  and  to  which  it  gives  a  sweet  smell. 

Borneo!,  C|„H|j^O,  has  much  the  same  action  as  laurel  camphor. 

Thymol  is  ol)tained  from  the  volatile  oils  of  Thymus  vulgaris  and 
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Carum  copiimm.  It  is  methyl-propyl-phenol,  CgHg.CgH^.CHg.OH., 
and  its  action  closely  resembles  that  of  carbolic  acid. 

CH3 


CH.,  CH., 
Thymol. 

Thymol  was  introduced  into  surgery  as  a  substitute  for  carbohc 
acid,  but  it  is  Uttle  used  now  on  account  of  its  sparing  solubility, 
only  one  part  dissolving  in  1500  parts  of  water.  Like  carbolic  acid, 
it  penetrates  the  skin  and  produces  local  anaesthesia,  but  has  the 
advantage  of  being  much  less  irritant  and  a  stronger  antiseptic  ; 
a  solution  of  i  in  1000  is  the  usual  strength  employed.  Thymol  is 
occasionally  used  as  a  parasiticide  ;  for  example,  in  ringworm  a 
5  or  10  per  cent,  solution  in  alcohol  is  beneficial. 

Internally  thymol  is  irritant  to  the  alimentary  canal  ;  a  part 
is  absorbed,  and  this  is  excreted  in  the  urine  in  combination  with 
sulphuric  and  glycuronic  acids,  but  a  body  is  also  excreted  which 
becomes  green  on  exposure  to  air,  and  the  urine  of  patients  taldng 
thymol  is,  therefore,  often  greenish  in  tint.  It  is  given  internally 
in  30-gr.  doses  as  an  anthelmintic  to  kill  the  Anchylostoma 
duodenale. 

MATERIA  MEDICA 
Camphora.    Dose,  2  to  5  grs. 

Preparations 

1.  Aqua  Camphorae. — Contains  about  \  gr.  to  i  oz. 

Dose,  I  to  2  ozs. 

2.  Spiritus  Camphorse. — i  in  10. 

Dose,  5  to  20  m.    Water  precipitates  the  camphor. 

3.  Linimentum  Camphorse. —  i  in  5  of  olive  oil. 

4.  Linimentum  Camphorae  Ammoniatum. 

5.  Tinctura  Camphorae  Composita.    See  Opium. 

Thymol.- C,H.,.OH.CH,.C3H..    Dose,  h  to  2  grs.  as  a  pill. 
Menthol.— C,.HpH.CH,.C,Hj.    Dose,  i  to  2  grs. 
Borneo!.    (Not  o£5cial.)    Resembles  camphor. 

REMEDIES  ACTING  ON  THE  SURFACE  OF  THE  BODY 

Drugs  are  applied  directly  to  the  surface  of  the  body,  not  only 
in  lesions  of  the  skin  but  also  in  various  painful  and  deep-seated 
affections.  In  skin  diseases  where  mild  stimulation  is  required 
simple  irritants  may  be  employed,  such,  for  example,  as  the  volatile 
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oils,  resins  and  tars.  If  astringents  are  desirable  zinc  oxide  can 
be  used,  or,  if  there  is  hypertrophy  of  the  stratum  corneum,  alkalies, 
sulphides  or  salicylic  acid  may  be  indicated  to  dissolve  it.  On  the 
other  hand,  when  there  is  acute  inflammation  cooling  or  protective 
lotions  would  be  indicated,  such  as  spirit  or  lead. 

Irritant  drugs  are  used  on  the  healthy  skin  with  the  object  of 
rehevmg  pain,  diminishing  congestion,  and  acceleiating  the  absorp- 
tion of  inflammatory  products  in  some  distal  part.  Such  irritant 
drugs  may  be  said  to  act  in  three  stages  :  when  redness  of  the  skin 
is  the  cardinal  sign  they  are  spoken  of  as  rubefacient,  and  the  skin 
presents  the  four  classical  signs  of  inflammation ;  it  is  hot  red 
swollen  and  tender.  The  tenderness  is  the  result  of  excitation  of 
sensory  nerve-endings,  and  the  other  symptoms  are  due  to  vaso- 
dilatation :  the  latter  is  probably  not  a  direct  effect  of  the  drug 
on  the  vessel-walls,  because  irritants  of  this  nature  applied  in  a 
soluble  form  directly  to  vessels,  induce  an  opposite  effect,  that  is 
vaso-constriction. 

When  the  irritant  effect  is  more  intense  fluid  exudes  from  the 
dilated  vessels,  it  pushes  oft  the  outer  from  the  living  layer  of  cells 
and  coUects  to  form  a  Mister— the  fluid  of  the  bhster  commonly 
contammg  some  of  the  irritant  drug  :  drugs  which  do  this  are  called 
vesicants. 

A  third  class  of  skin  irritants  are  the  fustulants  :  these  especially 
attack  the  skin-glands,  and  produce  so  intense  an  inflammation 
that  smafl  abscesses  are  formed  round  the  hair  follicles,  and  if  the 
apphcation  is  still  continued  these  suppurating  points  may  coalesce 
and  produce  a  big  abscess.  These  drugs  have  little  effect  on  the 
dead  epidermis,  but  when  they  come  in  contact  with  living  cells 
as  those  of  the  glands,  they  are  extremely  toxic.  It  is  possible 
that  in  some  cases  the  acid  reaction  of  putrefying  sweat  may 
render  the  drug  active,  and  so  account  for  its  selective  effect  on 
the  glands. 

The  Mode  of  Action  of  Counter-irritants.— Irritants  applied  to 
the  skin  may  be  described  as  having  three  actions:  a  general  a 
local,  and  a  special  reflex  action  on  the  viscus  related  through  the 
same  spinal  segment  to  the  affected  skin-area. 

General  Action.— Moderate  stimulation  of  most  sensory  nerves 
causes  (I)  constriction  of  blood-vessels,  especially  those  of  the 
splanchnic  area,  with  a  resulting  rise  in  blood-pressure  ;  (2)  accelera- 
tion of  the  heart;  (3)  transient  stimulation  of  respiration  and  an 
insignificant  ri.se  in  temperature.  Effects  of  this  kind  can  be 
.shown  to  occur  by  irritating  the  skin  of  animals.  Thus,  if  a  leg  of  a 
decerebrate  cat  is  immersed  in  hot  water,  or  if  the  flesh  of  the 
abdomen  is  burned  with  a  searing  iron,  these  effects  are  produced 
[,  ^"  li^-  .  y  ^^"^  '■^^^'^  through  the  medulla,  and  no  doubt 
like  other  reflexes  serve  a  protective  function,  possibly  in  part  by 
stimulating  perception  and  volition  to  the  needs  of  the  occasion 
by  increasing  the  amount  of  blood  in  the  brain.    The  vascular 
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volume  of  the  brain  always  varies  directly  with  the  blood-pressure, 
since  the  vessels  of  this  organ  contain,  for  practical  purposes,  no 
vaso-motor  nerves.  The  net  result  of  this  action  is  an  alteration 
in  the  distribution  of  the  blood.  The  abdominal  organs  contain 
less,  whilst  the  muscles  of  the  body  generally,  the  lungs  and  the 
brain  contain  more.  . 

When  the  stimulation  is  very  intense,  and  especially  when  it  is 
visceral,  there  is  a  fall  of  blood-pressure  and  reflex  inhibition  of  the 
heart.  The  vaso-dilatation  in  the  splanchnic  area  is  enormous, 
and  practically  all  the  blood  collects  in  the  animal's  veins.  It  is 
in  all  probability  a  vaso-motor  paralysis  of  this  nature  which  we 


Fig.  75.  Cat.    Decerebrate.    Showing  some  of  the  General 

Effects  resulting  from  Counter-irritation. 

Upper  curve  =  respiration  Lower  curve  =  blood-pressure.  During  A  one  hind  limb  was 
placed  in  hot  water.  Respiration  became  quicker,  the  heart-beat  more  rapid,  and  the 
blood-pressure  rose  mainly  from  vaso-constriction.    Time  =  sees. 

term  "  surgical  shock."  Such  shock  may  be  induced  in  the  frog 
by  a  sharp  tap  on  the  abdomen,  when  the  heart  stops,  and  there  is 
a  great  dilatation  of  the  splanchnic  vessels. 

Moderate  skin  irritation  sUghtly  increases  metabolism ;  the 
absorption  of  oxygen,  carbonic  acid  output  and  nitrogenous  ex- 
cretion are  all  augmented,  but  the  last  only  slightly.  BHsters 
increase  the  number  of  the  polynuclear  white  blood-corpuscles 
in  the  vessels.  Probably  these  effects  may  also  be  ascribed  to  the 
altered  distribution  of  the  blood  in  the  body. 

Local  effects  have  already  been  described,  but  it  should  be  noted 
that  the  local  dilatation  of  vessels  in  itself  may  sometimes  give 
relief  from  pain.  For  example,  the  apphcation  of  a  poultice  to  a 
suppurating  sore  will  do  this  by  diminishing  the  resistance  to  the 
flow  of  blood  in  the  affected  part. 

Special  Reflex  Action.— All  cUnicians  are  agreed  that  counter- 
irritation  is  beneficial  in  certain  pathological  conditions,  but  that 
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to  produce  the  optimuiji  effect  the  irritant  must  be  placed  in  a 
definite  and  fixed  position.  Now  if  the  benefit  is  the  result  of  a 
general  effect,  there  is  no  reason  why  the  irritant  should  be  placed 
at  one  spot  more  than  at  another,  yet  experience  has  shown  other- 
wise :  to  give  one  example,  to  relieve  the  pain  of  trigeminal  neu- 
ralgia the  blister  must  be  placed  behind  the  ear. 

It  is  well  known  that  the  viscera  receive  their  sensory  fibres 
from  the  same  segments  of  the  spinal  cord  as  those  from  which 
the  somatic  sensory  nerves  arise.  Head  showed  that  visceral 
disease  produced  an  exaggeration  of  the  sense  of  pain  in  a  definite 
fixed  area,  or  areas  in  the  skin,  which  he  was  able  clearly  to  map 
out.  These  tender  areas  (Head's  areas)  do  not  correspond  to 
the  distribution  of  the  posterior  nerve-roots,  but  to  the  distribution 
of  segments  of  the  cord.  Sevei'al  of  these  areas,  which  he  found  to 
be  affected  by  disease  of  internal  organs,  are  the  same  as  those  which 
clinical  experience  has  shown  to  be  the  best  points  for  counter- 
irritation  to  affect  those  organs.  It  would  seem,  therefore,  that 
thei'e  is  an  intimate  relation  between  the  central  connections  of  the 
sensory  nerves  of  the  viscera  and  the  nerves  which  supply  the 
sensation  of  pain  and  temperature,  and  which  exert  a  trophic  in- 
fluence on  the  skin  (Fig.  76). 

It  is  probable  that  the  trophic  nerves  to  the  viscera  are  in  close 
association  with  the  trophic  nerves  in  the  specially  affected  skin- 
area.  We  know  that  visceral  disease  induces  trophic  changes  in 
definite  parts  of  the  skin ;  it  is  fair  to  imagine  that  lesions  of  any 
special  skin-area  will  affect  the  viscus  segmentally  related  to  it  more 
than  the  rest  of  the  body — and  so  we  have  an  explanation  of  the 
phenomenon  of  counter-irritation. 

Severe  cutaneous  irritation  is  said  to  lead  to  pathological  changes 
in  the  cells  of  the  solar  plexus. 


Drugs  used  for  their  irritant  action  on  the  skin  may  be  divided 
into  three  groups  : — (i)  The  volatile  oils,  resins  and  balsams,  of  these 
turpentine,  terebene,  and  pine  oils  are  especially  used  since  they 
are  more  volatile,  and  therefore  have  a  greater  penetrating  action 
than  the  other  oils,  and  because  their  odour  is  pleasant.  They  are 
not  very  irritant,  and  are  only  used  as  rubefacients  ;  but  after 
very  prolonged  application  blisters  may  be  produced  which,  on 
account  of  the  penetrating  power  of  turpentine,  are  extremely 
painful  and  heal  slowly. 

(2)  The  Mustard  Group. — Sinapis  alba  semina  (white  mustard, 
seeds).  They  contain  mucilage,  about  25  per  cent,  of  a  fixed  oil, 
a  gluccside  sinalbin  and  an  enzyme  myrosin.  In  the  presence  of 
water  the  glucoside  is  hydrolysed  by  the  myrosin. 
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C3u>T^AS,0.,+K,0  =  C^H.ONCS  +  C„H„0,.  +  C,„H,,NO,HSO, 

Siualbiu  VVatci-.        Acrinyl  isothio-  Dextrose, 

(inactive). 


Acrinyl  isothio- 
cyanate,  or  oil  of 
mustard  (active). 


Sinaphi  acid 
sulphate. 


CH,.NCS' 


CH3OH 


OH  OH 
Oil  of  mustard.  Hydroxy-benzyl  alcohol. 

SinaJbin  contains  the  complex  hydroxy-benzyl  alcohol. 

Sinapis  nigrcB  semina  contain  less  mucilage  but  over  30  per  cent, 
of  fixed  oil,  a  crystalline  glucoside  sinigrin,  and  myrosin.  Hydro- 
lysis of  the  glucoside  in  the  presence  of  water  is  produced  as  before. 
CioH^NS.KOg  +  H,0  =  CSNC3H,  +  C,H,p„  +  KHSO, 

Sinigrin  Water.         Allyl  isothio-  Dextrose.    Potassium  hydrogen 

(inactive).  cyanate  (active).  sulphate. 

Oleum  sinapis  volatile  is  obtained  by  distillation  from  dried  ripe 
black  mustard  seeds.  It  consists  almost  entirely  of  allyl  isothio- 
cyanate. 

Action 

Mustard  oil  differs  from  the  other  volatile  oils  principally  in  that 
it  is  much  more  irritant ;  it  is  the  best  counter-irritant  for  general 
purposes,  differing  from  cantharidin  in  the  greater  rapidity  and 
pain  attending  its  action.  For  local  apphcations  the  mustard 
must  be  made  up  with  cold  water  to  a  soft  uniform  cream  and 
spread  on  muslin,  cambric,  or  newspaper,  the  peripheral  parts 
being  folded  over  ;  this  should  be  apphed  directly  to  the  skin. 
The  sinapism  must  be  kept  in  contact  with  the  skin  from  fifteen 
to  thirty  minutes,  and  the  skin  should  then  be  wiped  dry  to  remove 
further  action  of  the  oil. 

Internally  mustard  acts  as  an  irritant :  it  is  employed  as  a  con- 
diment, but  medicinally  its  only  internal  use  is  as  an  emetic  in 
poisoning  ;  a  tablespoonful  in  a  tumbler  of  warm  water  may  be 
administered  in  an  emergency.  Poisonous  doses  may  give  rise  to 
acute  gastro-enteritis  with  death  from  collapse. 

(3)  Non-volatile  Irritants. — Cantharides  is  the  dried  beetle 
Cantharis  vesicaioria,  which  is  widely  distributed  over  southern 
Europe.  It  contains  0.5  to  i  per  cent,  of  cantharidin,  a  crystalline 
substance  CjoH^Pj,  about  12  per  cent,  fixed  oil,  and  a  volatile 
principle  to  which  the  foetid  odour  of  the  insect  is  due.  Can- 
tharidin is  insoluble  in  water,  but  its  potassium  and  sodium  com- 
pounds are  soluble. 

Mezerei  cortex  is  obtained  from  the  bark  of  Daphne  mezerenni. 
The  chief  constituent  is  an  amorphous  resin,  mezerein,  which  pos- 
ses.ses  extremely  acrid  and  sternutatory  properties. 
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Action 

Locally.— Canthiiiidin  is  slower  in  its  action  than  the  volatile  oils :  no 
change  is  noticed  for  two  or  three  hours,  then  the  rubefacient  effect 
gradually  arises  and  burning  pain  is  perceived,  but  it  is  much  less 
intense  than  that  .of  mustard.  It  is,  however,  for  its  blistering 
action  that  the  dnlg  is  mainly  used  ;  the  bhsters  are  at  first  small 
and  discrete,  but  later  run  together  to  form  one  big  bleb.  The 
vesicant  action  requires  from  five  to  ten  hours  to  develop. 

Given  internally  cantharidin  produces  its  irritant  effects  along 
the  ahmentary  canal  ;  this  is  shown  by  the  local  production  of 
vesicles  in  the  mouth,  vomiting,  diarrhoea,  severe  abdominal  pain 
and  collapse.  Subcutaneous  injections,  as  in  the  case  of  most 
irritant  bodies  (compare  podophyllotoxin),  produce  the  same 
results.    The  stools  and  vomited  material  may  contain  blood. 

Cantharidin  is  absorbed,  producing  at  first  an  intense  vaso- 
constriction, and  is  excreted  in  the  urine.  During  excretion  it 
causes  a  general  inflammation  in  the  glomeruH  of  the  kidneys, 
which  gradually  spreads  among  the  cells  of  the  tubules  :  the  urine 
contains  both  blood  and  albumen.  At  the  same  time  there  will  be 
inflammation  of  the  bladder  and  urethra,  accompanied  by  severe 
pain  and  occasionally  by  priapism.  Suppression  of  urine  sometimes 
occurs,  and  is  probably  the  result  of  intense  renal  constriction.  In 
small  doses  cantharidin  is  used  as  a  diuretic,  aphrodisiac  and 
emmenagogue.  The  so-called  diuresis  is  probably  only  a  constant 
desire  to  micturate,  and  the  aphrodisiac  action  is  due  to  irritation  of 
the  bladder  and  urethra  during  the  excretion  of  the  drug. 

Mezereon  is  more  slow  and  uncertain  in  its  action  than  can- 
tharides. 

MATERIA  MEDICA 

Sinapis  Aibae  Semina. 
Sinapis  Nigrae  Semina. 

OleumSinapis  Volatile.— Containing  95  percent,  allyl  isothiocyanate, 
C3H.NCS. 

Preparation 

Linimentum  Sinapis. — Volatile  oil  of  mustard,  camphor,  castor  oil. 
Sinapis. — Mixed  and  powdered  seeds. 

Preparation 

Charta  Sinapis. 
Cantharis. 

Preparations 

1.  Acetum  Cantharidis. — i  in  10. 

2.  Emplastrum  Cantharidis. — i  in  3  nearly. 

3.  Emplastrum  Calefaciens. — i  in  25. 

4.  Liquor  Epispasticus.— i  in  2. 

5.  Collodium  Vesicans. — i  in  2. 
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6.  Tinctura  Cantharidis. —  i  in  80  oC  alcohol. 

Dose,  5  to  15  m. 

7.  Unguentum  Cantharidis. — i  in  10. 
Mezerei  Cortex. 

Enters  into  Liq.  Sarsse  Co.  Cone.  —  i  in  20. 

DRUGS  HAVING  A  REMOTE  ACTION  ON  THE  SKIN 

Drugs  may  influence  the  skin  after  absorption  in  a  number  of 
different  ways.  They  may  (i)  alter  the  blood-supply  to  the  skin. 
If  a  drug  acts  peripherally  on  a  vessel,  it  will  act  on  the  skin-vessels 
in  much  the  same  way  as  on  the  splanchnic  vessels  ;  but  if  it  pro- 
duces an  effect  on  the  centre  and  gives  rise  to  vaso-motor  changes, 
the  skin-vessels  often  do  not  behave  like  those  of  the  rest  of  the 
body.  Let  us  take,  as  an  example,  atropine  ;  this  drug  excites 
the  medulla  and  induces  vaso-constriction  with  a  rise  in  blood- 
pressure.  But  the  skin-vessels  dilate  sometimes  to  such  an  extent 
that  the  face  becomes  flushed,  and  there  may  be  a  generalised 
symmetrical  erythema  which  often  resembles  the  rash  of  scar- 
latina. Other  drugs  which  induce  vascular  changes  in  the  skin,  and 
sometimes  lead  to  erythematous  or  papular  rashes,  are  quinine, 
salicin,  opium,  antip5n-ine  and  chloral. 

(2)  The  skin  may  be  affected  by  alteration  of  the  lymph-supply. 
Certain  shell-fish  cause  swelling  of  the  skin  and  urticaria,  which 
is  due  to  a  direct  lymphagogue  action.  It  is  probable  that  the 
rashes  seen  after  antitoxin  can  be  explained  in  this  way ;  but, 
on  the  whole,  we  are  ignorant  of  the  action  of  drugs  which  have 
this  effect.  It  is  possible  that  the  increased  growth  of  the  skin  and 
keratoses  sometimes  seen  after  a  prolonged  exhibition  of  arsenic 
may  be  so  explained. 

(3)  Certain  drugs  are  excreted  by  the  sweat  and  sebaceous 
glands,  and  during  this  excretion  may  modify  the  condition  of  the 
skin.  Thus,  the  essential  oils  are  partly  excreted  in  this  way, 
and  can  be  recognised  by  their  characteristic  smell.  Occasionally 
they  cause  an  eruption,  generally  of  a  papular  nature,  which  is 
often  to  be  seen  after  taking  copaiba  or  turpentine.  The  bromides 
are  partly  excreted  by  the  skin,  and  during  the  excretion  there  is 
reason  to  believe  that  a  small  amount  of  the  element  bromine  is 
set  free.  This  sets  up  inflammatory  lesions  in  the  ducts  of  the 
glands,  leading  to  acne  on  the  face  and  back,  and  in  some  cases 
even  to  ulceration.  Iodides  also  produce  pustular  rashes,  but  the 
rash  generally  clears  up  if  the  dose  is  increased,  possibly  on  account 
of  the  solubility  of  the  element  iodine  in  a  solution  of  iodides. 

(4)  The  condition  of  the  skin  may  be  altered  by  influencing  the 
nerve-supply  either  to  the  glands  or  the  trophic  nerves.  Pilo- 
carpine and  physostigmine  produce  an  active  secretion  of  the 
glands  by  exciting  the  nerve-endings,  whilst  atropine  stops  all  secre- 
tion by  paralysing  the  .same  endings.    Certain  of  the  metals  have  an 
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action  on  the  trophic  nerves.  Thus,  arsenic  sometimes  causes 
herpes  zoster,  a  condition  very  characteristic  of  nerve-lesion. 

(5)  Some  drugs  alter  the  pigmentation  of  the  skin.  Salts  of 
silver  form  a  compound  in  the  body  which  is  deposited  in  certain 
positions,  one  characteristic  position  being  under  the  skin,  to 
which  it  gives  a  bluish-grey  appearance.  This  argyria,  when 
once  established,  is  permanent.  Arsenic  also  leads  to  pigmentation 
of  the  skin  ;  it  usually  affects  the  covered  parts  of  the  body  with 
accentuation  about  the  axillae,  mammae  and  inguinal  regions.  It 
is  generally  regarded  as  due  to  the  deposition  of  some  broken-down 
blood  -  pigment.  Antipyrine  and  its  alhes  may  produce  also 
scattered  pigmented  patches,  generally  not  larger  than  a  sixpence. 


CHAPTER  XX 


THE  THEORY  OF  IONS— SALT  ACTION— WATER 

In  the  preceding  chapters  during  the  consideration  of  the  action 
of  a  drug,  such,  for  example,  as  strychnine,  no  account  has  been 
given  of  the  action  of  the  acid  radicle  with  which  it  is  combined  ; 
this  is  because  strychnine  sulphate,  nitrate  and  chloride  all  have 
the  same  efJect,  which  the  acid  radicle  does  not  appreciably  modify. 
When  we  come  to  deal  with  radicles  very  much  less  toxic  than 
that  of  strychnine  this  is  not  the  case.  Sodium  chloride  and 
sodium  sulphate,  for  example,  produce  very  different  effects. 

To  appreciate  these  facts  it  is  necessary  to  understand  the  ''  ion 
theory."  This  assumes  that  certain  substances,  such  as  inorganic 
acids,  salts  and  bases,  which  in  the  dry  state  exist  as  molecules 
and  are  electrically  neutral,  on  entering  into  solution  spUt  up  into 
atoms  or  groups  of  atoms,  each  containing  a  charge  of  electricity 
termed  the  electron.  A  monad  element  or  radicle  contains  one 
electron,  a  diad  two,  and  so  on,  and  these  electrically  charged 
bodies  are  spoken  of  as  ions,  and  have  the  value  of  molecules  with 
respect  to  their  physical  phenomena.  A  body  capable  of  being 
split  up  into  ions  is  termed  an  electrolyte  ;  for  example  : — 

Na,SO,    =    Na     +    Na^     +  SO;\ 

Electrolyte       Two  positive  ions  or  kations    Negative  ion  or  anion 
(electrically  neutral),  (each  with  one  electron).  (two  electrons). 

The  effect  of  an  electric  current  on  the  solution  of  an  electrolyte 
is  to  urge  the  anions  towards  the  negative  pole  and  the  kations 
to  the  positive  pole,  where  their  respective  electrons  are  neutralised. 
Having  lost  the  ionic  form  they  undergo  secondary  changes,  in 
the  example  given  the.se  being  as  follows  : — 

Na,  +  2H3O  =  2NaHO  +  H., 
SO,,  +  H,0  =  H,SO,  +  O,  ■ 

Elements  in  the  molecular  and  the  ionic  condition  are  therefore 
very  different  things  :  in  the  latter  condition  the  element  is  atomic 
and  is  charged  with  electricity. 

No  substance  is  resolved  entirely  by  solution  into  ions  :  the 
degree  of  dissociation  depends  on  many  conditions,  such  as  the 
nature  of  the  solution,  temperature  and  concentration  ;  .some  bodies, 
for  example  proteids,  sugar,  urea  and  alcohol  do  not  ionise,  but 
preserve  in  solution  their  molecular  condition  unchanged. 
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In  a  I  per  cent,  solution  of  sodium  chloride  about  82  per  cent, 
of  the  molecules  ionise. 

In  a  normal  solution,  HCl,  about  75  per  cent,  of  the  molecules 
ionise. 

N 

In  a  —  solution,  HCl,  about  86  per  cent,  of  the  molecules  ionise. 
10  ^ 

N 

In  a    solution,  HCl,  about  08  per  cent,  of  the  molecules  ionise. 

1000  '       '  ^  ^ 

Dilute  solutions  of  benzoic  and  acetic  acids,  on  the  other  hand, 
dissociate  to  less  than  10  per  cent. 

The  evidence  in  support  of  this  theory  is  briefly  as  follows. 
Many  substances  when  dissolved  in  water  break  up  into  a  larger 
number  of  molecules  than  their  chemical  formula  indicates.  This 
can  be  shown  in  three  ways : — (i)  By  osmotic  pressure,  which  varies 
directly  with  the  number  of  molecules  in  a  solution.  In  the  case 
of  sugar,  if  one  doubles  the  amount  contained  in  a  given  solution 
the  osmotic  pressure  is  edso  doubled,  but  if  instead  of  sugar  an 
inorganic  Salt  is  employed  then  the  pressure  is  more  than  doubled, 
that  is,  dissociation  has  occurred,  and  each  ion  exerts  the  same 
osmotic  pressure  as  a  whole  molecule.  (2)  By  depression  of  the 
freezing-point.  In  dilute  solutions  equal  numbers  of  molecules 
produce  equal  depressions  of  the  freezing-point.  If  a  solution 
of  sugar  freezes  at  0.2°  below  zero  a  solution  containing  double 
that  quantity  freezes  0.4°  below  zero.  But  with  many  inorganic 
substances  this  is  not  so,  and  the  depression  of  the  freezing-point 
reaches  a  maximum  at  two,  three,  or  four  times  what  might  be 
expected.  This  can  be  explained  again  on  the  supposition  that 
the  molecules  are  dissociated  by  solution.  The  boiling-point  is 
similarly  too  high  with  dissociable  salt  solutions,  but  rises  in  pro- 
portion to  the  number  of  molecules  present  in  the  case  of  sugar 
and  urea.  Another  important  proof  is  obtained  from  the  (3)  elec- 
trical conductivity,  which  varies  exactly  with  the  amount  of  ionisa- 
tion.  Thus,  urea  and  sugar  do  not  ionise,  as  previously  shown, 
and  they  do  not  conduct  electricity.  The  presence  of  the  ions  in 
the  fluids  of  the  body  explains  the  ability  of  the  tissues  to  transmit 
electricity. 

The  importance  of  this  theory  to  pharmacology  is  that  we  now 
believe  that  it  is  the  ions  of  a  salt  and  not  the  whole  molecule 
which  in  the  animal  body  gives  rise  to  pharmacological  actions ; 
and  dissociable  salts  therefore  contain  two  ions,  each  of  which  has  a 
specific  effect.  Many  facts  can  be  cited  to  show  the  truth  of  this 
statement.  Acids,  for  example,  exert  their  disinfectant  properties 
in  proportion  to  their  electrolytic  dissociation,  that  is,  to  the  con- 
centration of  the  hydrogen  ions  in  the  solution.  The  hydroxides 
of  potcLssium,  sodium,  Hthium  and  ammonium  also  disinfect 
according  to  their  degree  of  dissociation,  that  is,  in  proportion  to 
the  (OH)  ions  in  the  solution.    The  toxic  action  of  metallic  salts 
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on  living  vegetable  cells  varies  with  the  amount  of  their  electrolytic 
dissociation.  The  corrosive  action  of  K.OH  is  determined  by  the 
OH  ion,  butCoHr,.OH  has  no  corrosive  action  because  the  OH  is  not 

in  ionic  form,  alcohol  not  being  dissociable.    Again  (CH3).,As/^qjj 

(cacodylic  acid)  is  not  poisonous,  and  has  none  of  the  typical 
pharmacological  actions  of  arsenic  because  this  body  is  not  disso- 
ciable into  the  arsenic  ion.  It  is  impossible,  therefore,  to  describe 
all  the  salts  of  potassium  under  one  head,  because  the  action 
of  some,  such  as  potassium  chloride,  is  dependent  mainly  on  the 
K  ion,  and  others,  such  as  potassium  sulphate  or  potassium  cyanide, 
mainly  on  the  negative  ion. 

The  ions  exert  a  definite  selective  action  on  certain  tissues  ;  for 
example,  potassium,  calcium  and  barium  especially  attack  muscle ; 
chlorine,. bromine  and  iodine  ions  have  a  special  affinity  for  nerve- 
cells  ;  whilst  the  NH.2  ion  affects  mainly  the  cord  and  medulla. 

It  is  well  known  that  contractile  tissues  (heart,  cilia  and  plain 
muscle)  continue  to  manifest  their  activity  in  certain  saline  solu- 
tions, and  that  they  will  not  contract  in  pure  solutions  of  non- 
electrolytes  hke  sugar,  albumen  or  urea.  All  sodium  salts  will  act 
in  this  way  ;  nevertheless,  it  is  not  the  sodium  or  positively  charged 
ions  which  excite,  because,  if  equimolecular  solutions  of  NaCl, 
NaBr,  Nal,  and  NaF  are  compared,  it  is  found  that  their  stimulating 
action  increases  progressively.  For  example,  if  an  irritable  nerve 
of  a  nerve-muscle  preparation  is  placed  in  an  isotonic  solution  of 
sodium  chloride,  after  an  hour  or  two  the  muscle  begins  to  contract, 
and  continues  to  do  so  for  several  hours.  With  sodium  bromide 
the  stimulation  is  greater,  and  with  sodium  iodide  still  greater. 
The  positive  ion,  on  the  contrary,  tends  to  destroy  irritabihty, 
and  its  effect  is  roughly  proportional  to  its  valence.  An  ideal  salt 
solution  is  one  in  which  the  stimulating  ions  are  mixed  with  a 
certain  amount  of  positive  ions,  which,  like  calcium,  restrain  activity. 
Ringer's  solution  fulfils  these  conditions.  This  ionic  stimulation 
has  been  held  responsible,  but  without  sufficient  proof,  for  amoeboid 
movements,  ciliary  action,  and  karyokinesis.  It  has  been  suggested, 
further,  that  these  ionic  effects  are  not  caused  by  the  particles 
but  by  the  electrons  they  contain,  because,  in  equimolecular  solu- 
tions of  the  three  groups  of  salts  A,  B,  and  C,  whilst  the  members 

ABC 


NaCl  V  Each  with 

iNaiSr  -  tiyeelec- 

tron. 


Na.,SO        1  liach  with 

Na:,.C.,0, 

-    -'    I  live  elec- 

Na,.C,H,,0,J  irons. 


Na,1^0,        ^  Kach  with 

Na:,.C,H.O,  ['^''"^  "'^sa- 
J    I.    :<7     tive  elec- 

Na.,.FeCy„  J  troiKs. 

of  each  group  are  about  equally  efficient  in  stimulating  contractions, 
the  trivalent  are  more  powerful  than  the  bivalent,  which,  again,  are 
more  powerful  than  th6  univalent. 

The  effects  of  an  ion  can  only  be  determined  by  administering  it 
with  another  in  the  form  of  a  salt.    For  this  i)urj)o.se  it  should 
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be  combined  with  either  the  CI  or  Na  ion,  both  of  which  are  rela- 
tively inactive. 

Besides  their  ionic  action  all  salts  and  soluble  bodies  have  a 
physical  one,  which  is  of  no  imjDortance  so  long  as  the  ionic  action 
is  strong,  but  of  the  utmost  importance  when  this  is  negligible. 
This  "salt  action"  only  affects  living  tissues  through  changing 
the  physical  properties  of  the  fluids  contained  in  them  or  surround- 
ing them.  Osmosis  is  one  of  the  physical  changes  included  under 
salt  action.  If  two  equi-molecular  solutions  are  separated  by  a 
semipermeable  membrane — that  is,  one  through  which  water  can 
pass,  but  not  the  dissolved  substance — the  osmotic  pressure  is 
equal  on  the  two  sides  of  the  membrane,  and  the  solutions  are  said 
to  be  isotonic.  The  term  isotonic,  pharmacologically,  has  come 
to  mean  a  solution  having  the  same  osmotic  tension  as  that  of 
blood.  If  a  salt  solution  has  a  higher  molecular  concentra- 
tion it  is  said  to  be  hyperisotonic,  and  if  lower,  hypoisotonic. 
Osmotic  processes  play  an  important  part  in  facilitating  the  move- 
ment of  fluids  and  the  diffusion  of  salts  in  the  organism  ;  the  epithe- 
lial cells  of  mucous  membranes  and  the  endothelial  cells  of  vessels 
act  as  permeable  membranes  through  which  mineral  salts  con- 
stantly pass. 

In  the  animal  body,  however,  the  molecules,  instead  of  being 
passive  and  stable  as  they  are  in  dead  membranes,  are  made  up 
of  living  cells  which  are  in  a  constant  state  of  chemical  integration 
and  disintegration.  The  substance  in  solution  tending  to  pass 
between  the  molecules  must  take  part  in  these  activities,  and  hence 
one  would  hardly  expect  the  laws  of  osmosis  to  be  the  same  as 
when  one  is  dealing  with  a  dead  membrane. 

Some  salts  are  absorbed  into  cells  very  readily  but  others 
are  hardly  absorbed  at  all.  Hypotonic,  isotonic  and  hypertonic 
solutions  of  sodium  chloride  are  absorbed  readily  from  the  stomach 
and  intestines.  The  ions  K,  Na,  Li,  CI,  Br  and  I  are  also  taken 
up  readily  enough,  whilst  the  ion  NH^  and  the  non-dissociable 
substance  urea  are  absorbed  even  more  rapidly.  Calcium  is  ab- 
sorbed much  more  slowly,  and  magnesium  and  sulphate  ions  hardly 
at  all.  A  solution  of  magnesium  sulphate  placed  in  the  gut  will, 
therefore,  obey  the  laws  of  osmosis,  and  water  will  either  be  ex- 
tracted from  the  tissues  or  given  up  to  them  until  the  solution  is 
isotonic. 

SALT  ACTION  AS  EXEMPLIFIED  BY  SODIUM  CHLORIDE 

Sodium  chloride  enters  the  body  daily  in  amounts  varying  from 
5  to  12  grams,  and  is  excreted  in  the  urine.  Neither  the  sodium 
nor  the  chlorine  ion  have  any  specific  effect,  and  the  salt  is,  therefore, 
Hmited  to  a  physical  action. 

Action  on  Isolated  Tissues.  —  Miiscle-fi.bre  (frog's  gastrocne- 
mius) preserves  its  irritability  in  isotonic  solutions  of  nearly  all 


SALT-ACTION 


317 


sodium  salts,  and  after  a  short  period  of  immersion  it  begins  to  beat 
rhythmically  ;  the  beating  can  be  prevented  by  the  addition  of  a 
little  calcium  salt.  In  hypotonic  solutions  fluid  is  absorbed  by  the 
muscle,  and  in  hypertonic  solutions  fluid  is  withdrawn  from  the 
muscle.  Nerve-fibre  is  similarly  affected  ;  if  the  nerve  of  a  frog's 
nerve-muscle  preparation  is  placed  in  an  isotonic  solution  of  sodium 
chloride,  after  a  time  impulses  are  generated,  resulting  in  the 
rhythmical  contraction  of  the  muscle.  The  mucous  membrane 
and  skin  undergo  the  same  changes.  Hypertonic  solutions  produce 
irritation  and  hardening  by  the  extraction  of  water,  whilst  hypo- 
tonic solutions  and  water  produce  swelling  and  softening. 

Red  blood-corpuscles  remain  unaltered  in  isotonic  solutions  : 
in  hypertonic  solutions  water  is  extracted  and  the  cells  become 
crenated,  whilst  in  hypotonic  solutions  they  absorb  water  and 
swell  up.  When  the  cells  are  surrounded  by  solutions  of  urea  or 
ammonium  chloride,  whatever  the  concentration,  they  scon  become 
distended  and  behave  as  if  they  had  been  placed  in  distilled  water. 
It  is  obvious  that  there  is  some  similarity  between  the  cells  of  the 
intestines  and  the  red  blood-corpuscles  ;  both,  for  example,  absorb 
urea  and  the  NH^  ion  with  great  rapidity,  osmotic  effects  playing 
only  a  minor  part.  Salt  action  is,  therefore,  not  entirely  dependent 
on  physical  forces.  In  plants  the  phenomenon  of  plasmolysis 
illustrates  the  same  effect.  Lower  organisms  and  fish  quickly  die 
when  placed  in  distilled  water.  It  has  been  suggested  that  this  is 
due  to  the  minute  traces  of  copper  found  in  ordinary  distilled  water, 
but  the  effect  is  still  obtained  when  the  water  is  distilled  from  glass 
and  is  free  from  all  metals. 

Absorption. — The  question  of  absorption  of  salts  from  the 
lumen  of  the  gut  has  been  already  considered.  No  satisfactory 
explanation  of  a  physical  nature  is  forthcoming  to  explain  the  reason 
of  some  ions  being  very  rapidly  absorbed,  such  as  Na,  CI,  NH^, 
and  others,  for  example,  Mg  and  SO^  hardly  at  all.  Absorption 
varies  much  in  different  parts  of  the  alimentary  canal  :  it  is  generally 
greatest  in  the  duodenum  and  rectum,  and  least  in  the  stomach 
and  oesophagus.  Water  is  hardly  absorbed  at  all  in  the  stomach, 
but  IS  rapidly  absorbed  from  the  small  intestines. 

Blood  and  Lymph. — The  blood  when  rendered  hypertonic 
by  the  direct  injection  of  strong  salt  solution,  rapidly  regains  its 
normal  composition.  The  osmotic  attraction  draws  more  lymph 
into  the  blood.  The  increased  volume  of  the  blood  will,  in  its  turn, 
tend  to  augment  the  flow  of  lymph,  urine  and  sweat.  These  vascular 
changes  are  attended  by  a  large  rise  of  capillary  pressure  in  the 
abdominal  viscera,  and  there  is  reason  to  believe  that  the  increased 
flow  of  lymph  is  entirely  the  result  of  this  pressure.  Such  sub- 
stances form  one  class  of  lymphogogues.  There  is  another  important 
class  of  lymphogogues  comprising  albumoses,  crab  and  leech 
extracts,  which  act  on  the  walls  of  the  capillaries  and  render  them 
more  permeable. 


3i8 


A  MANUAL  OF  PHARMACOLOGY 


Specific  Action. — It  cannot  be  shown  that  either  the  CI  or  Na 
ion  have  any  specific  action.  When  very  strong  salt  solutions  are 
injected  into  the  circulation  of  animals  nervous  symptoms  are 
manifested,  but  these  are  probably  due  to  withdrawal  of  fluid. 

All  salts  are  not,  however,  equally  diuretic  ;  the  injection  of 
sodium  sulphate,  for  example,  produces  considerably  more  diuresis 
than  an  equi-molecular  injection  of  sodium  chloride.  This  might 
be  due  to  the  sulphate  directly  stimulating  the  renal  epithelium, 
but  a  more  probable  explanation  is  that  the  sodium  sulphate  is 
very  much  more  slowly  absorbed  and  excreted  than  common  salt, 
and  it,  therefore,  remains  longer  in  the  blood,  and  is  thus  able  to 
attract  water  and  so  augment  the  hydraemic  plethora. 

Large  quantities  of  water  increase  the  excretion  of  nitrogen  in 
the  urine.  At  first  this  is  caused  by  the  increased  movements 
of  the  body  fluids.  Later,  however,  the  sulphates  and  phosphates 
in  the  urine  are  also  greater,  so  that  it  is  possible  there  may  be 
some  actual  increase  in  nitrogenous  metabolism.  In  correlation 
with  this  fact  it  has  been  shown  that  during  saline  diuresis  the 
absorption  of  oxygen  by  the  kidney  varies  with  the  flow  of  urine ; 
from  these  facts  it  has  been  argued  that  salines  directly  affect  the 
renal  epithelium. 

Excretion. — When  diffusible  substances  find  their  way  into 
the  blood,  whether  directly  by  injection  or  by  absorption  from  the 
alimentary  canal,  the  flow  of  urine  becomes  greater.  Bodies, 
such  as  sodium  chloride,  potassium  nitrate,  potassium  acetate, 
urea  and  sugar  produce  this  effect  in  a  typical  manner.  The 
primary  action  of  salts,  no  matter  in  what  concentration  or  how 
they  are  introduced,  is  to  increase  the  hquid  part  of  the  blood. 
Isotonic  and  hypotonic  ^solutions  will  pass  directly  into  blood, 
and  hypertonic  will  first* draw  liquid  from  the  tissue  and  assume 
the  isotonic  condition.  So  the  effect  comes  to  be  the  same  as  if  an 
isotonic  solution  had  been  directly  injected  into  the  circulation. 
This  causes  dilatation  of  the  renal  vessels  and  a  rise  of  capillary 
and  venous  pressures,  and,  therefore,  a  greater  rate  of  blood-flow. 
The  dilatation  of  the  kidney-vessels  is  peripheral  in  origin,  since 
it  still  occurs  after  cutting  the  renal  nerves,  and  it  varies  in  ,a  fairiy 
constant  manner  with  the  secretion  of  urine.  The  diuretic  pro- 
perties of  salines  injected  into  the  blood-stream  depend  on  their 
power  of  attracting  water,  and,  therefore,  vary  with  their  molecular 
weights  or  the  amounts  of  hydrsemic  plethora  they  induce.  It 
seems  probable  that  this  hydraemic  plethora  first  induces  the 
changes  in  the  vessels,  and  as  a  result  of  this  the  diuresis  follows. 
In  any  case  the  salts  can  hardly  besecreto-motor,  since  the  diuresis 
comes  to  an  end  when  only  a  small  amount  of  them  has  been 
excreted. 

The  urine  is  rich  in  the  particular  salt  taken,  but  all  the  salts 
are  increased,  for  the  serum  cannot  rid  itself  of  one  salt  without 
losing  some  of  its  other  salts.    And  so  it  is  seen  that  animals  and 
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man  living  on  a  herbivorous  diet,  one  rich  in  potash,  have  a  craving 
for  common  salt,  whilst  a  carnivorous  diet  does  not  create  this 
desire.  An  exception  to  this,  is  the  injection  of  sodium  sulphate 
into  the  blood,  which  produces  a  urine  containing  hardly  any  chloride. 

MATERIA  MEDICA 

Aqua  Distillata. 

Sodii  Chloridum.    Dose,  10  to  240  grs. 

MINERAL  WATERS 

It  has  been  often  noted  that  the  action  on  patients  of  mineral 
waters  at  their  source,  is  different  from  that  produced  by  the  bottled 
water  or  by  the  artificially  prepared  water  when  taken  at  home. 
This  must  unquestionably  be  attributed  to  the  altered  hygienic 
conditions,  rest,  food,  habits,  scene,  chet  and  exercise.  Many 
of  the  effects  which  are  obtained  may  also  be  due  to  the  imbition 
of  large  quantities  of  water. 

The  various  mineral  waters  can  be  classified  as  follows  :— 

(1)  Those  containing  much  sodium  chloride. 

(2)  Those  containing  many  non-absorbable  ions,  such  as  mag- 
nesium sulphate. 

(3)  Those  containing  much  CO.^. 

(4)  Sulphur  waters. 

(5)  Iron  waters. 

The  most  typical  saline  water  is,  of  course,  sea-water.  This 
contains  about  2.7  per  cent.  NaCl,  and  a  total  of  from  3.5  to  4  per 
cent,  of  mixed  salts.  The  salts  in  aperient  waters  consist  prin- 
cipally of  magnesium  sulphate  and  sodium  sulphate  ;  Hunyadi 
Janos  water  can  be  regarded  as  a  typical  example.  Carbonated 
waters  may,  in  the  first  place,  be  simple,  such  as  ApoUinaris  or 
the  artificially  prepared  soda-water  ;  they  owe  their  action  to  the 
carbonic  acid  gas  they  contain,  which  irritates  the  stomach  and 
slightly  increases  the  rate  of  absorption.  Some  of  these  waters 
contain  alkalies,  such  as  sodium  bicarbonate  ;  such  are  the  waters 
of  Vichy  and  Ems.  Others,  again,  contain  sulphates,  and  are, 
therefore,  slightly  aperient ;  this  is  the  case  with  the  saline  waters 
of  Carlsbad.  Sulphur  waters  contain  free  sulphuretted  hydrogen 
and  other  sulphides,  Aix-les-Bains  contains  0.0003  per  cent,  free 
sulphuretted  hydrogen:  they  are  mildly  irritant  to  the  skin  and 
gastro-intestinal  mucous  membrane.  The  amount  of  iron  in  the 
chalybeate  waters  varies  from  o.oi  to  0.13  FeO  per  litre.  Their 
action  resembles  that  of  iron  salts. 
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CERTAIN  POSITIVE  IONS 
Potassium,  Lithium,  Ammonium,  Calcium,  Magnesium 

POTASSIUM 

Potassium  salts  are  found  in  the  ash  of  all  parts  of  the  animal  bod}-. 
They  are  absorbed  into  the  system  in  considerable  quantities  with 
the  food,  some  people  taking  as  much  as  50  grams  of  potash  a 
day.  It  is  obvious  from  this  fact  that  the  potassium  ion  has  very 
httle  specific  action  when  a  potash  salt  is  administered  by  the 
mouth.  The  explanation  of  this  is  not  difficult  :  the  salts  of  potash 
diffuse  very  readily  into  cells,  more  readily  than  those  of  sodium 
but  not  so  rapidly  as  ammonium  salts,  and  they  are  excreted  pro- 
portionally quickly  by  the  kidneys.  The  ehmination  is,  indeed,  so 
rapid  that,  hke  curare  and  the  NH^  ion,  no  evil  effects  follow  its 
administration  by  the  mouth,  because  the  excretion  can  more  than 
keep  pace  with  the  absorption.  But  subcutaneous  or,  more  cer- 
tainly, intravenous  injections  act  as  a  powerful  poison  to  the  heart 
and  central  nervous  system,  and  potassium  salts  in  a  mild  degi-ee 
may  be  regarded  as  general  protoplasmic  poisons. 

The  only  effect  then  of  potassium  salts  given  by  the  mouth, 
is  a  salt  action. 

Heart.  Ringer  has  shown  that  the  presence  of  a  Uttle  potassium 

salt  in  a  saline  solution  favours  the  efacient  beating  of  the  frog's 
heart.  When  the  amount  of  potassium  is  large  the  systole  becomes 
shorter  and  weaker,  and  the  heart  eventually  stops  in  diastole. 
This  is  due  to  the  direct  action  of  the  K  ion  on  the  muscle,  and  it 
can  be  antagonised  by  the  application  of  a  calcium  salt  if  the  effect 
has  not  been  carried  too  far. 

The  injection  of  small  doses  of  potash  salts  into  the  circulation 
of  mammalia  produces  an  immediate  fall  of  blood-pressure  and 
some  cardiac  slowing  ;  this  is  followed  almost  immediately  by  a 
rise  of  pressure  above  normal  and  slight  quickening  of  the  heart- 
beat. Larger  injections  cause  the  heart  to  stop  beating  in  diastole. 
The  action  is  uninfluenced  by  the  previous  administration  of  atro- 
pine (Fig.  77). 

Voluntary  Muscle.— If  potassium  chloride  is  applied  directly 
to  a  frog's  gastrocnemius  there  is  a  similar  depressant  action. 


POTASSIUM 


321 


At  first,  for  a  very  brief  period,  the  height  of  the  contractions  in 
response  to  single  induction  shocks  is  shghtly  increased,  but  soon 
it  becomes  smaller,  till  ultimately  the  contractile  power  is  lost 
completely  (Fig.  78).  This  effect  on  muscle  is  antagonised  by 
barium  and  calcium  salts,  or  by  veratrine. 

When  a  frog's  sartorius  is  placed  in  an  isotonic  solution  of  potas- 
sium chloride,  spontaneous  and  rhythmical  contractions  of  the 


Fig.  77. — Record  of  a  Rabbit's  Heart  Perfused  with 
Ringer's  Solution. 

Tracing  I.  shows  the  effect  of  adding  KCl  to  the  fluid  (0.2  per  cent.)     Tracing  II.  shows 
gradual  recovery  of  the  heart  when  the  KCl  is  withdrawn. 

muscle  are  produced,  but  they  are  feebler  and  do  not  last  so  long 
as  those  caused  by  sodium  chloride. 

Plain  Muscle. — Large  injections  of  potassium  chloride  diminish 
the  automatic  movements  of  plain  muscle  throughout  the  body. 
Given  by  the  mouth  they  are  more  irritant  to  the  stomach  than 
sodium  salts  and  more  readily  cause  vomiting. 

The  central  nervous  system  is  depressed  by  large  doses  of 
potash.    There  is  great  muscular  weakness,  apathy,  and  diminution 
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of  the  reflexes  :  death  is  caused  by  paralysis  of  the  medulla,  and 
may  be  preceded  by  asphyxial  convulsions. 

Excretion.— Potassium  is  excreted  in  the  urine,  and  the  whole 
toxicity  of  normal  urine  is  due  to  the  presence  of  the  K  ion.  The 
administration  of  potash  salts  by  the  mouth  increases  the  flow  of 
urine  more  than  the  corresponding  sodium  salts. 


Fig.  78.— Records  of  the  Contraction  of  a  Frog's  Gastrocnemius 
Produced  by  Single  Induction  Break-shocks. 

At  A  0.8  per  cent.  KCl  was  substituted  for  normal  saline  solution.  The  contractions 
became  more  and  more  feeble  till  death  occurred.  The  contracture  which  occurs  at  first  is 
due  largely  to  osmotic  effects.    Time  between  two  shocks  =  about  ten  seconds. 
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1.  Liquor  Potass^.— 5.85  per  cent.    Dose,  10  to  30  m,  diluted. 

2.  Potassa  Caustica. 

3.  Potassii  Bicarbonas.    Dose,  5  to  30  grs. 

4.  Potassii  Carbonas.    Dose,  5  to  20  grs. 

5.  Potassii  Sulphas.    Dose,  10  to  40  grs. 

6.  Potassii  Nitras.    Dose,  5  to  20  grs. 

7.  Potassii  Acetas.    Dose,  10  to  60  grs. 

8.  Potassii  Citras.    Dose,  10  to  40  grs. 

9.  Potassii  Tartras.  Dose,  20  to  60  grs.  (diuretic)  ;  2  to  4  drs. 
(purgative). 

10.  Potassii  Tartras  Acidus.  Dose,  20  to  60  grs.  (diuretic)  ;  2  to  8  drs. 
(purgative). 

11.  Potassii  Chloras.    Dose,  5  to  15  grs. 

Preparation 
Trochiscus  Potassii  Chloratis.— 3  grs.  in  each. 

Potassium  is  present  also  in  the  following  salts,  whose  action  in  no 
way  depends  on  the  presence  of  the  K  ion  :— Potassium  iodide,  bromide, 
permanganate,  bichromate,  and  in  soft  soap  or  potassium  oleate. 
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LITHIUM 

Lithium  is  found  in  the  ash  of  plants  and  animals,  and  is  a  con- 
stituent of  some  mineral  waters,  such  as  those  of  Carlsbad,  Vals 
and  Baden  Baden.  It  was  originally  introduced  into  medicine 
as  a  solvent  for  uric  acid,  and  it  was  hoped  that  by  its  agency 
urates  deposited  in  the  joints  might  be  absorbed.  But  to  act  as  a 
solvent  for  uric  acid  the  hthium  must  occur  in  a  certain  concen- 
tration, and  this  concentration  can  never  be  reached  in  the  animal 
body  without  toxic  symptoms  supervening. 

Lithium  is  absorbed  from  the  stomach  very  rapidly,  and  exerts 
a  potassium-effect  on  the  heart  and  voluntary  muscles  but  in  a 
smaller  degree.  Large  doses,  whether  administered  subcutaneously 
or  by  the  mouth  cause  nausea,  vomiting,  diarrhoea,  and  subse- 
quently acute  gastro-enteritis,  followed  by  emaciation,  weakness 
and  death  from  collapse.  This  action  is  characteristic  of  the  lithium 
salts  and  is  brought  about  after  the  injections,  by  the  excretion  of 
some  of  the  drug  into  the  gut.  Lithium  carbonate  in  20 -gr.  doses 
has  been  known  to  lead  to  disturbance  of  the  alimentary  tract. 

Lithium  is  excreted  in  the  sahva,  stomach  and  bowels,  but  prin- 
cipally in  the  urine.  It  may  be  detected  in  the  urine  within  fifteen 
minutes  from  the  time  of  its  administration,  and  traces  can  be  still 
found  five  or  six  days  after  a  single  dose.  The  excretion  by  the 
kidneys  is  accompanied  by  no  irritation,  and  the  diuresis  is  the 
result  of  salt  action,  and  is  no  greater  than  that  produced  by  an 
equal  quantity  of  common  salt.  Lithium  salts  render  the  urine 
alkaline,  and  thus  act  like  other  fixed  alkalies. 

MATERIA  MEDICA 

1.  Lithii  Carbonas. — Li.,CO.,.    Dose,  2  to  5  grs. 

2.  Lithii  Citras.    Dose,  5  to  10  grs. 

3.  Lithii  Citras  Effervescens.—Containing  tartaric  acid  and  sodium 
bicarbonate.    Dose,  60  to  120  grs. 

AMMONIUM 

The  NH^  ion  may  be  conveniently  considered  along  with  the 
K,  Na  and  Li  ions,  with  which  it  has  many  actions  in  common ; 
it  differs  from  them,  however,  in  that  it  stimulates  the  central 
nervous  system,  and  this  effect  also  appears,  though  to  a  smaller 
degree,  in  the  substituted  ammonias,  the  amines  and  amides. 
Ammonium  chloride  is  absorbed  rapidly  from  the  stomach  and 
intestines,  probably  more  quickly  than  any  other  salt,  but  when 
the  NH^  is  combined  with  a  non-penetrating  negative  ion,  as  in 
(NHJgSO^,  it  is  absorbed  very  slowly.  These  facts  are  in  harmony 
with  what  is  known  concerning  the  action  of  such  salts  on  red 
blood-corpuscles.  Ammonium  chloride  penetrates  red-blood  cells 
rapidly,  but  ammonium  sulphate  is  taken  up  very  slowly. 
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The  action  of  ammonium,  like  that  of  potassium,  varies  with  the 
mode  of  administration.  When  it  is  injected  either  intravenously 
or  subcutaneously  there  is  a  pronounced  effect  on  the  central  nervous 
system,  but  when  the  drug  is  given  by  the  mouth  this  is  wanting,  on 
account  of  its  very  rapid  excretion. 

Central  Nervous  System.— If  ammonium  chloride  is  mjected 
into  either  frogs  or  mammals  the  reflexes  are  soon  exaggerated,  and 
ultimately  strychnine-Uke  convulsions  ensue.  These  are  reflex,  and 
are  not  abohshed  by  division  of  the  cord,  but  cease  as  it  is  destroyed 
from  above  downwards  :  during  the  paroxysms  respiration  ceases 
and  the  blood-pressure  rises.  Such  convulsions  differ  from  those 
seen  in  strychnine  poisoning  in  that  the  muscles  of  the  head  are 
also  involved,  which  shows  that  the  brain  is  affected ;  and,  more- 
over, they  are  never  of  so  violent  a  character.  About  0.15  gram 
ammonium  chloride  per  kilo  body-weight  will  induce  convulsions 
in  a  mammal,  but  it  takes  0.5  gram  per  kilo  to  induce  death.  Such 
a  large  difference  as  this  is  not  found  with  strychnine  (Fig.  73). 

The  stimulation  of  the  medulla  produces  other  conditions.  Res- 
piration is  quickened  and  sometimes  deepened  ;  the  effect  is  still 
obtained  after  section  of  the  vagi,  and  is,  therefore,  due  to  excitation 
of  the  centre.  The  peripheral  arterioles  are  constricted  and  the 
blood-pressure  goes  up;  this  is  due  also  to  central  stimulation, 
since  it  is  hardly  appreciable  if  the  salt  is  injected  after  the  spmal 
cord  has  been  cut.  Rise  in  blood-pressure  from  this  cause  must 
not  be  confused  with  that  which  occurs  during  the  convulsions. 
The  temperature  is  slightly  raised  by  stimulation  of  the  corpus 
striatum,  but  when  the  convulsions  begin,  the  rise  of  temperature 
is  3,ccdGr£LtGci. 

The  heart  is  little  affected;  small  doses,  as  is  the  case  with 
potash  and  Uthium,  slightly  quicken  the  beat  from  a  direct  action 
on  cardiac  muscle. 

Muscle  and  Nerve.— Ammonium  has  an  action  upon  voluntary 
muscle  corresponding  to  that  of  potassium  and  hthium.  In  the 
frog  it  paralyses  ultimately  the  motor  never-endings,  m  which 
it  resembles  the  strychnine  group  of  drugs.  This  explains  why  m 
this  animal  the  convulsions,  which  are  powerful  at  first,  soon  weaken 
and  later  cease.  The  nerve-endings  are  not  paralysed  in  mammals. 
{See  Convulsants.)  _ 

Secretions.— The  flow  of  bronchial  mucus  is  greater.  Ihe  Nti^ 
ion  is  regarded  as  a  valuable  expectorant,  because  it  increases  the 
flow  of  mucus  and  also  aids  in  its  expulsion.  It  acts,  m  the  first 
place,  by  irritating  the  mucous  membrane  of  the  stomach,  and 
so  reflexly  exciting  the  vagus  nerves  supplying  the  mucous  glands 
of  the  respiratorv  tract.  But  any  drug,  like  apomorphine.  which 
excites  the  medulla,  increases  bronchial  secretion  through  the  vagus 
nerve  ;  and  some  of  the  action  of  ammonium,  especially  when  it  is 
injected,  may  be  due  to  this  cause. 

Ammonium  hydrate  and  carbonate  differ  from  the  other  salts 
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of  ammonia  in  tliat  the  gas  NH3  evaporates  very  readily  from  tlieir 
watery  solutions,  and  hence  many  of  the  proj^erties  of  these  bodies 
a.re  due  to  the  OH  ion,  and  will  be  considered  with  the  alkalies. 
Since,  however,  ammonium  carbonate  is  employed  for  inhalation 
in  the  form  of  smelling  salts,  its  action  must  be  considered  briefly. 

That  portion  of  the  nasal  septum,  which  is  high  up  and  towards 
the  back,  is  particularly  susceptible  to  all  forms  of  excitation  :  the 
reflexes  which  can  be  produced  by  excitation  at  this  spot  are  of  a 
protective  nature,  the  object  being  to  prevent  the  entrance  or 
absorption  of  irritant  particles  or  vapours  into  the  lungs.  Thus, 
irritation  of  the  nasal  mucous  membrane  with  such  irritant  sub- 
stances as  ammonia  or  bromine  may  produce  (i)  sneezing  and 
coughing,  (2)  closure  of  the  glottis,  (3)  arrest  or  slowing  of  the 
respiration,  (4)  cardiac  inhibition,  (5)  vaso-constriction,  (6)  bron- 
chial constriction.  All  these  effects  are  reflexes,  mostly  medullary. 
Ammonia  vapour  is  often  inhaled,  therefore,  in  fainting  or  collapse, 
in  order  refiexly  to  stimulate  the  medullary  centres  (Fig.  74). 

Excretion. — Ammonium  carbonate  is  converted  to  urea  and 
excreted  in  the  urine.  This  change  is  brought  about  in  the  liver, 
as  can  be  shown  by  artificial  perfusion  with  defibrinated  blood 
containing  ammonium  carbonate.  Ammonium  carbonate  in- 
creases the  amount  of  glycogen  stored  up  in  the  hver.  The  chloride 
and  other  stable  ammonium  salts  are  excreted  unchanged  in  car- 
nivora.  Ammonium  citrate  is  converted  in  the  tissues  to  the 
carbonate,  and  is,  therefore,  excreted  as  urea,  and  so  does  not  add 
to  the  alkalinity  of  the  urine.  This  should  be  compared  with  the 
citrates  and  tartrates  of  the  fixed  alkalies,  such  as  potassium  citrate, 
which  are  converted  in  the  tissues  to  the  carbonate,  and  are  excreted 
m  this  form,  thus  increasing  the  alkalinity  of  the  urine.  Ammonium 
salts  rather  tend  to  render  the  urine  more  acid. 

MATERIA  MEDICA 

1.  Liquor  Ammoniae  Fortis. 

Preparations 

1.  Linimentum  Camphor ae  Ammoniatum. 

2.  Linimentum  Hydrargyri. 

3.  Spiritus  Ammoniae  Aromaticus.    Sec  Ammonium  carbonate. 

4.  Spiritus  Ammoniae  Fetidus. 

5.  Tinctura  Guaiaci  Ammoniata. 

2.  Liquor  Ammoniae.— 10  per  cent,  sohition.    Dose,  10  to  20  m. 

Preparations 

1.  Linimentum  Ammoniae. 

2.  Tinctura  Ergotae  Ammoniata. 

3.  Tinctura  Opii  Ammoniata. 

4.  Tinctura  Quininae  Ammoniata. 

5.  Tinctura  Valerianae  Ammoniata. 
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3.  Ammonium  Chloridum.    Dose,  5  to  20  grs. 

4.  Ammonii  Carbonas.    Dose,  3  to  10  grs.  (expectorant)  ;   30  grs. 
(emetic). 

PrEPxVRATION 

Spiritus  Ammoniae  Aromaticus  (spirit  of  sal  volatile). — Contains 
ammonia,  ammonium  carbonate,  and  some  volatile  oils  in 
alcohol. 

Dose,  20  to  40  m.  for  repeated,  60  to  90  m.  for  single 
administration. 

5.  Ammonii  Phosphas.    Dose,  5  to  20  grs. 

6.  Liquor  Ammonii  Acetatis.    Dose,  2  to  6  drs. 

7.  Liquor  Ammonii  Citratis.    Dose,  2  to  6  drs. 

The  action  of  ammonium  benzoate  and  ammonium  bromide  does 
not  depend  upon  the  ammonium  ion. 

CALCIUM 

Calcium  phosphate  forms  three-fourths  of  the  total  mineral 
matter  in  the  body  ;  it  is  mostly  contained  in  the  bones,  to  which 
it  gives  rigidity.  It  is  present  also  in  all  soft  tissues  and  in  the 
blood  ;  in  the  latter  it  is  held  in  solution  by  the  albuminous  con- 
stituents. Calcium  is  a  necessary  constituent  of  all  protoplasm, 
and  is  essential  to  the  action  of  some  ferments,  such  as  rennet  and 
fibrin-ferment  in  the  case  of  the  clotting  of  milk  and  blood 
respectively.  The  hme  taken  into  the  body  with  the  various 
food-stuffs,  especially  flesh,  vegetables,  yolk  of  eggs  and  milk, 
is  sufficient  for  the  needs  of  the  organism. 

Lime  water  is  used  for  mixing  with  milk,  as  it  stops  the  formation 
of  "thick  curds  in  the  stomach,  and  so  prevents  vomiting,  especially 
in  children.  Lime  salts,  more  especially  chalk,  are  used  in  diarrhoea. 
They  act  physically  in  much  the  same  way  as  bismuth  salts,  forming 
a  coat  of  insoluble  salt  over  the  mucous  membrane. 

The  Effects  of  Lime  Starvation.— Pigeons  and  other  birds 
when  fed  on  foods  containing  httle  or  no  lime  quickly  show  an 
alteration  in  their  bones,  which  become  thinner  and  more  brittle. 
In  mammalia  any  condition  which  causes  a  prolonged  and  impaired 
absorption  of  calcium  leads  to  an  alteration  in  the  composition  of 
the  skeleton,  and  especially  is  this  the  case  in  young  animals,  where 
the  growth  of  the  bones  is  very  much  restricted.  But  though 
in  lime  starvation  but  little  bone  is  developed,  that  which  is  formed 
contains  its  usual  percentage  of  lime  and  differs  httle  from  normal 
bone. 

It  has  been  claimed  that  deprivation  from  lime  salts  is  the  cause 
of  rickets— a  disease  of  ill-nourished  children  in  which  the  aniount 
of  calcium  in  the  bones  is  very  deficient.  In  rickets  there  is  an 
impaired  growth  of  bone,  not  in  amount,  for  this  may  be  excessive, 
but  in  the  quality  of  the  bone  formed  ;  and  the  deficiency  of  calcium 
is  only  secondary  to  this  change,  for  the  other  parts  of  the  body 
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always  retain  their  normal  percentage  of  lime.  This  can  hardly 
be  due  to  a  diminished  capacity  for  absorption  of  lime,  since  rickety 
children  when  given  lime  salts  excrete  as  much  in  the  urine  as 
normal  children,  that  is,  absorption  is  normal. 

If  sea  organisms  are  placed  in  pure  solutions  of  common  salt 
in  the  same  concentration  as  it  occurs  in  sea  water  they  die  very 
quickly,  but  they  survive  if  a  trace  of  calcium  chloride  and  potas- 
sium chloride  are  added  to  the  water.  Ringer*  has  shown,  by 
numerous  observations  on  fish,  tadpoles,  cilia,  skeletal  muscle  and 
heart,  the  essential  importance  of  these  salts  to  the  organism, 
even  the  minute  quantities  present  in  river  water  being  sufficient 
to  keep  fish  alive  for  weeks  which  would  die  very  quickly  in  distilled 
water.  In  experiments  of  this  type  great  care  is  required  -in  the 
selection  of  a  distiUed  water.  The  ordinary  commercial  distilled 
water  contains  traces  of  copper  and  other  protoplasmic  poisons, 
which  quickly  destroy  tadpoles,  tubifex  and  cilia.  The  water 
should  be  freshly  distilled  from  glass  vessels.  The  frog's  heart 
when  perfused  with  a  pure  isotonic  sochum  chloride  solution 
quickly  ceases  to  beat,  but  if  a  trace  of  a  calcium  salt  is  added  to 
the  solution  it  beats  more  vigorously  and  survives  longer. 

Absorption  and  Excretion. — Lime  salts  are  absorbed  in  small 
quantities  from  the  stomach  and  duodenum.  Their  absorption  is 
facilitated  by  fats  :  the  Ume  combines  with  the  fatty  acid  and  forms 
a  soap  of  calcium,  which  is  more  readily  taken  up  by  the  intestinal 
epithelium.  The  bulk  of  the  absorbed  hme  is  excreted  into  the 
large  intestine  but  a  small  proportion  is  eliminated  in  the  urine. 
The  excretion  by  the  kidneys  is  increased  during  starvation,  and 
is  greater  during  rest  than  exercise. 

Action  on  Ferments. — The  coagulation  of  milk  by  rennet,  and 
blood  by  fibrin-ferment,  are  analogous  phenomena.  In  both 
instances  calcium  salts  are  a  necessity,  and  the  clotting  may  be 
delayed  by  the  addition  of  a  small  quantity  of  oxalate.  Taking 
the  case  of  milk  first,  when  the  rennet  is  added  the  caseinogen  is 
converted  into  "  soluble  casein,"  and  this  is  precipitated  by  the 
calcium  as  a  curd.  The  coagulation  of  the  blood,  that  is,  the 
transformation  of  fibrinogen  into  fibrin,  requires  the  interaction 
of  a  nucleo-proteid  and  a  calcium  salt :  as  a  result  of  this  interaction 
a  ferment  is  obtained  which,  under  suitable  conditions,  produces 
the  fibrin.  On  account  of  its  effect  on  the  clotting-time  of  the 
blood,  calcium  is  used  in  the  treatment  of  haemorrhage,  especially 
in  the  conditions  known  as  hsemophiha  and  purpura  heemonrhagica. 

*  One  formula  for  a  Ringer's  solution  is  the  following : — 
100  CO.,  0.7s  per  cent.  NaCl. 

5  c.c,  0.25  per  cent.  CaCl.,. 
2.5  c.c,  0.5  per  cent.  NaHCO.,. 
0.75  c.c,  I  per  cent.  KCl. 
Instead  of  the  CaClj,  the  solution  may  be  Saturated  with  CajR^Ojj. 
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Specific  Action. — Calcium,  like  barium,  has  a  specific  action 
on  all  forms  of  muscle,  but  its  effect  is  much  weaker  than  that 
of  the  latter  drug.  It  increases  the  contraction  and  prolongs 
the  relaxation  of  a  frog's  gastrocnemius  ;  it  constricts  vessels  and 
produces  a  barium-hke  effect  on  the  frog's  heart,  that  is,  the  con- 
traction is  prolonged  and  the  relaxation  retarded.  Further,  these 
effects  are  antagonised  by  potash  salts,  and  vice  versa  the  effect  of 
potash  on  the  frog's  heart  and  voluntary  muscles  is  antagonised 
by  the  addition  of  lime. 

It  is  doubtful  whether  the  Ca  ion  has  any  specific  action  when  it 
is  administered  as  a  salt  by  the  mouth.  Possibly  this  is  due  to 
the  scanty  and  very  slow  absorption.  When  the  salts  are  injected 
directly  into  the  circulation,  the  heart  beats  more  vigorously, 
the  vessels  constrict,  and  the  blood-pressure  rises ;  and  if  the 
injection  is  very  large,  depression  of  the  central  nervous  system 
results. 

MATERIA  MEDICA 

1.  Calx. — Lime.  CaO. 

2.  Calcii  Hydras.— Slaked  lime.  Ca(OH),. 

3.  Creta  Prseparata. — CaCO.,.    Dose,  10  to  60  grs. 

Preparations 

1.  Hydrargyrum  cum  Creta,    See  under  Mercury. 

2.  Mistura  Cretae. — Prepared  chalk,  suspended  by  gum. 

Dose,  i  to  I  oz. 

3.  Pulvis  Cretae  Aromaticus. 

Dose,  10  to  60  grs. 

4.  Pulvis  Cretse  Aromaticus  cum  Opio.    See  Opium. 

4.  Calcii  Carbonas  Praecipitatus. — CaCO^.  Precipitated  chalk.  Dose 
10  to  60  grs. 

Preparations 

1.  Liquor  Calcis. — Lime  water,    i  gr.  to  i  oz. 

Dose,  I  to  4  ozs. 

2.  Liquor  Calcis  Saccharatus. — 8  grs.  to  i  oz. 

Dose,  20  to  60  m. 

3.  Linimentum  Calcis. — Equal  parts  of  lime  water  and  olive  oil. 

Calcium  oleate  is  formed. 
Carron  oil  is  composed  of  equal  parts  of  lime  water  and  linseed 
oil. 

5.  Calcii  Phosphas.— Ca^CPOJj.    Dose,  S  to  15  grs. 

Preparation 

Syrupus  Calcii   Lactophosphatis. — Contains  calcium  phosphate, 
about  I  in  40. 

Dose,  i  to  I  dr. 

6.  Calcii  Chloridum.— CaCl,,2(H,0).    Dose,  5  to  15  grs. 

7.  Calx  Sulphurata.    Dose,'  i  to  i  gr.    Sec  under  Sulphur. 

8.  Calx  Chlorinata.    See  under  Chlorine. 

9.  Calcii  Hypophosphis.    Dose,  3  to  10  grs. 
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MAGNESIUM 

All  the  salts  and  bases  of  magnesium  are  converted  to  the  acid 
carbonate  in  the  small  intestine  thus  :— MgSO^  +  Na^CO^  +  H,0 
+  CO,  =  Mg(HC03),  +  Na,SO,.  When  the  chloride ^is  injected 
mtravenously,  it  gives  rise  to  a  potassium-hke  effect  on  the  heart 
and  central  nervous  system.  Taken  by  the  mouth,  however, 
it  is  absorbed  in  very  small  amount  (not  enough  to  produce  the 
specific  ionic  action),  and  its  cathartic  effect  depends  on  this  fact 
and  the  subsequent  osmotic  changes  which  it  induces.  When  ij-gr. 
doses  of  MgSO^  are  injected  subcutaneously  into  man  they  slightly 
mcrease  peristalsis,  and  so  may  produce  purgation.  This,  of  course, 
is  quite  a  distinct  action  from  that  which  obtains  when  the  drug  is 
administered  by  the  mouth,  for  any  irritant  substance  injected 
under  the  skin  will  induce  increased  peristalsis. 

Magnesium  is  always  employed  for  osmotic,  not  for  specific 
effects. 

MATERIA  MEDICA 

1.  Magnesii  Sulphas.— MgS0,,7H,0.  Epsom  salts.  Dose,  30  to 
120  grs.  for  repeated  administration  ;  i  to  ir  oz.  for  single  administra- 
tion. 

Preparation 
Mistura  Sennas  Composita. 

2.  Magnesii  Sulphas  Effervescens.— With  tartaric  acid  citric  acid 
and  sodium  bicarbonate.  Dose,  60  to  240  grs.  for  repeated  administra- 
tion ;  for  a  single  administration  J  to  i  oz. 

3.  Magnesia  Ponderosa.    Dose,  5  to  30  grs.  for  repeated  administra- 
tion ;  30  to  60  grs.  for  a  single  dose. 

4.  Magnesia  Levis.    Dose,  same  as  heavy  magnesia. 

5.  Magnesii  Carbonas  Ponderosus.— (MgC0,).„Mg(0H)„4H,0.  Dose 
dose  '"''^''''^'"^  administration  ;     30  to  60  gr's.  fm-  a  single 

Preparation 

Liquor  Magnesii  Carbonatis.— Fluid   magnesia.     Carbonic  acid 
gas  under  a  pressure  of  three  atmospheres. 
Dose,  I  to  2  ozs. 

6.  Magnesii  Carbonas  Levis.— (MgCO,)3,Mg(OHX,4H.,0.    Dose  to 
30  grs.  for  repeated  administration  ;  30  to  60  grs.  for  a'single  dose. 
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ACIDS  AND  ALKALIES 
DILUTE  ACIDS 

Sulphuric,  Nitric,  Hydrochloric,  Nitrohydrochloric,  Phosphoric, 
Acetic,  Lactic,  Tartaric,  Citric  and  Sulphurous  Acids. 

The  dilute  acids  owe  their  acidity  and  their  action  to  the  presence 
of  the  H  ion.  Some  acids,  such  as  hydrocyanic,  have  so  tdxic  a 
negative  ion  that  the  acid  action  may  be  neglected  entirely ;  whilst 
in  others,  such  as  salicyhc  acid,  where  the  dissociation  is  very 
small,  the  acid  effect  is  too  insignificant  to  be  of  much  account, 
so  that  such  acids  act  in  the  same  way  as  their  salts. 

Dilute  acids  owe  their  action  to  the  power  of  neutrahsing  alkalies, 
although  more  concentrated  acids  produce  a  further  effect  by  pre- 
cipitating proteids  and  extracting  water  from  the  tissues.  Most 
living  matter  has  a  slightly  alkahne  reaction,  and  dilute  acids, 
therefore,  behave  as  general  protoplasmic  poisons  by  destroying 
this  alkalinity  :  exceptions  to  this  rule  are  found  in  some  of  the 
filamentous  fungi,  such  as  penicilhum,  which  thrive  in  an  acid 
medium.  Hence,  dilute  acids  exert  depressant  effects  upon  isolated 
organs. 

On  striped  muscle  even  such  dilute  solutions  of  hydrochloric 
acid  as  i  in  20,000  rapidly  diminish  the  height  of  contraction 
on  electrical  stimulation,   and  produce   some   contracture.  On 
plain  muscle  i  in  10,000  lactic  acid  will  serve  to  check  the  automatic 
waves  and  induce  considerable  relaxation  (Fig.  79).    When  applied 
to  the  frog's  heart  they  shorten  the  duration  of  systole  and  diminish 
its  force,  and  the  heart  ultimately  stops  in  diastole.    If  vessels 
are  perfused  artificially  outside  the  body  with   an  acid  solution 
constriction  invariably  follows  :  such  dilute  solutions  as  i  in  20,000 
hydrochloric  or  i  in  10,000  lactic  acid  serve  to  produce  a  strong 
constriction.    It  is  not  probable,  however,  that  constriction  follows 
when  dilute  acids  are  administered  by  the  mouth,  since  we  know 
that  in  life  the  blood  is  always  alkaline.    In  these  effects  on  isolated 
organs  acids  and  alkalies  counteract  one  another,  so  that,  for 
example,  a  heart-beat  much  diminished  in  force  by  acids  will  be 
restored  by  alkalies.    In  all  these  effects  mineral  acids  are  much 
more  active  than  organic  acids,  but  jihosphoric  acid  is  much  less 
active  than  the  other  mineral  acids  ;    the  difference  in  action  is 
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solely  one  of  dissociation.  All  acids  have  an  antiseptic  action 
which  varies  with  the  cUssociation,  that  is,  the  number  of  H  ions 
in  the  solution.  Hydrochloric  acid,  of  a  strength  equal  to  that  in 
which  it  is  present  in  gastric  juice,  destroys  the  majority  of  bacilli ; 
but  even  as  a  2  per  cent,  solution  it  has  little  effect  on  anthrax 
and  other  resistant  spores. 

Alimentary  Canal. — Dilute  acids  possess  an  important  action 
on  the  digestive  tract.  In  the  mouth  they  have  a  sour,  somewhat 
asti'ingent  taste,  and  refiexly  increase  the  flow  of  saliva.  Pawlow 
has  shown  that  a  dog  with  a  submaxillary  fistula  secretes  saliva 
under  the  influence  of  the  following  stimuli  : — (i)  The  mere  sight 
of  food  (psychical).    (2)  The  act  of  eating.    (3)  Touch,  as  by 
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Fig.  79. — The  Action  of  Acid  on  Plain  Muscle. 

The  figure  shows  two  records  of  the  movements  of  a  frog's  stomach.  A  shows  the  effect  of 
I  m  1000  lactic  acid  applied  at  the  arrow.  Note  the  dimimition  of  tonus  and  cessation  of 
movements. 

B  shows  the  action  of  a  i  in  loo  solution  of  the  same  acid.    In  this  case  the  tonus  is 
increased  (upstroke  =  contraction).    Time  =  half-minutes. 

putting  fine  sand  in  the  mouth.  (4)  Chemical  stimulants,  notably 
acids  and  bitters.  Acids  then  are  sialagogues  as  regards  the  sub- 
maxillary sahva.  The  parotid  gland,  in  contradistinction  to  the 
submaxillary,  shows  a  decided  selective  power  in  the  choice  of  a 
suitable  stimulus,  but  it  is  excited  reflexly  by  acids  and  gives  out 
a  special  saliva,  which  is  particularly  rich  in  proteids,  but  the  signi- 
ficance of  which  we  do  not  understand. 

Acids  do  not  affect  the  .secretion  of  the  gastric  juice,  but  they 
may  be  administered  with  advantage  in  tho.se  cases  where  there  is 
a  deficiency  in  the  secretion  of  hydrochloric  acid,  such  as  is  known 
to  occur  in  cancer  of  the  stomach.  Other  acids  besides  hydrochloric 
produce  these  effects.  The  most  important  action  of  acids  in  the 
alimentary  canal  is  their  excitation  of  the  pancreas.  Dilute  acid 
injected  into  the  circulation  of  an  animal  cau.ses  no  increa.se  in  the 
secretion  of  pancreatic  juice,  but  if  it  is  injected  into  the  duodenum 
or  placed  in  the  stomach  the  pancreas  begins  to  .secrete  in  two 
or  three  minutes.    If  an  acid  extract  of  the  mucous  membrane 
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of  the  duodenum  is  boiled,  neutralised  with  sodium  carbonate, 
and  filtered,  it  will,  on  injection  into  the  blood,  produce  a  great 
augmentation  of  the  pancreatic  secretion.  The  "secretin"  so 
formed  is  produced  naturally  in  the  body,  and  is  specific  to  the 
pancreatic  cells  only.  The  effect  is  directly  on  the  gland-cell.  The 
action  of  the  acid  is  to  render  the  prosecretin  of  the  duodenal  cells 
soluble  when  it  becomes  secretin  (p.  429). 

Excretion. — The  mineral  acids  are  rapidly  absorbed  from  the 
alimentary  canal,  and  are  converted  to  salts.  They  render  the 
blood  less  alkaline,  although  during  life  it  never  becomes  acid. 
This  reduced  alkalinity  is  more  marked  in  herbivorous  animals 
in  which  the  acid  is  excreted  in  combination  with  the  fixed  alkalies 
potassium  and  sodium.  In  carnivorous  animals  and  man  the  effect 
on  the  blood  is  less  decided,  and  the  acids  are  excreted  in  the  urine 
mainly  as  ammonium  salts,  so  that  the  fixed  alkali  is  saved  and 
forms  a  second  line  of  defence  against  the  acid.  Nevertheless, 
the  increase  of  fixed  alkalies  in  the  urine,  even  in  carnivora,  is 
nearly  sufficient  to  neutralise  the  acid  absorbed. 

There  is  an  increase  in  the  nitrogenous  excretion  of  the  urine 
which  is  entirely  due  to  ammonia,  for  the  urea  is  slightly  diminished 
in  amount.  This  ammonia  may  be  derived  from  a  greater  break- 
down of  proteid,  or  it  may  be  abstracted  from  the  ammonia  of  the 
portal  blood,  and  so  interfere  with  urea  formation  by  the  liver. 
The  evidence  points  to  the  view  that  the  free  acid  combines  with 
ammonia  and  thus  prevents  it  from  undergoing  further  chemical 
change  into  urea.  The  urine,  as  already  mentioned,  contains, 
also,  an  increased  amount  of  fixed  alkali.  Dilute  acids  produce 
diuresis  as  the  result  of  salt  action,  and  this  may  account  for  some 
of  the  increased  excretion  of  sodium.  Little  or  no  free  acid  is 
excreted,  but  the  urine  is  rendered  more  acid  by  the  formation  of 
acid  salts,  which  cause  considerable  irritation  of  the  kidneys  and 
the  mucous  membrane  of  the  genito-urinary  tract. 

Sulphuric  Acid 

Dilute  sulphuric  acid  is  used  as  an  astringent  in  bleeding  from 
mucous  surfaces ;  but  it  has  no  action  on  the  lower  bowel,  since 
acids  are  quickly  neutrahsed  and  absorbed,  nor  does  it  possess  any 
astringency  after  absorption.  It  is  administered  in  cases  of  poison- 
ing by  lead,  and  acts  by  forming  the  insoluble  PbSO^.  Sulphuric 
acid  is  used  to  aid  in  the  solution  of  quinine  sulphate,  but  it  should 
be  remembered  that  its  presence  in  medicines  favours  the  growth 
of  moulds. 

In  poisoning  by  strong  sulphuric  acid,  the  symptoms  consist  of 
charring  of  tissues,  intense  pain,  vomiting  of  coffee-coloured  fluid, 
and  death  from  collapse  in  a  few  hours.  The  acid  acts  by  its  in- 
tense attraction  for  water  and  its  power  of  precipitating  albumen. 
Oxide  of  magnesia  or  white  of  egg  may  be  used  as  antidotes. 
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Nitric  Acid 

Nitric  acid  is  used  externally  in  the  destruction  of  warts,  moles, 
and  to  stimulate  sluggish  ulcers.  When  taken  internally  it  was 
thought  at  one  time  to  have  a  specific  action  on  the  liver,  but 
this  is  fallacious.  Its  action  on  mucous  surfaces  is  superficial 
only,  because  it  cannot  re-dissolve  the  albumen  which  it  precipitates, 
and  which  limits  its  further  penetration.  Nitric  acid  differs  from 
sulphuric  acid  in  that  it  stains  the  skin  yellow,  it  does  not  cause 
charring,  and,  as  fumes  are  readily  given  off,  it  is  more  likely  to 
affect  the  respiratory  passages. 

NiTROHYDROCHLORIC  AciD 

This  acid  contains  HNO3,  HCl,  CI,  NOCl  and  HNO,.  The 
dilute  acid  only  is  used  in  medicine  ;  it  has  a  reputation"  in  the 
treatment  of  certain  cases  of  dyspepsia,  and  is  employed  also  as  a 
cholagogue,  though  proof  of  the  latter  action  is  wanting.  The 
acid  should  be  recently  prepared. 


Hydrochloric  Acid 

Hydrochloric  acid  is  less  corrosive  than  sulphuric  or  nitric,  but 
being  a  gas  is  more  apt  to  attack  the  respiratory  passages,  'it  is 
the  acid  which  is  generally  employed  in  dyspepsia. 

Phosphoric  Acid 

Phosphoric  acid  has  no  properties  beyond  those  possessed  by  the 
other  mineral  acids.  When  diluted  it  makes  an  agreeable  drink, 
but  has  none  of  the  actions  of  free  phosphorus. 

Acetic  Acid,  CH3.COOH 

Glacial  acetic  acid  is  a  caustic  ;  when  applied  to  the  skin  it 
dissolves  the  epithelium,  and  is  used  to  destroy  warts.  When 
diluted  it  possesses  the  astringent  properties  of  the  dilute  mineral 
acids,  so  that  vinegar  has  been  injected  into  the  uterus  as  a  hcxmo- 
static  in  post-partum  hemorrhage.  Its  prolonged  administration 
internally  produces  a  diminution  in  the  number  of  the  red  blood- 
corpuscles,  leading  to  anaemia  and  loss  of  weight. 


Lactic  Acid,  CH.j.CHy 

XOOH 

Lactic  acid  as  a  50  per  cent,  solution  is  largely  employed  for 
direct  local  appHcation  to  tubercle  of  the  larynx,  throat  and  tongue. 
Taken  internally  this  acid  sometimes  produces  pains  in  the  joints ; 
it  was  at  one  time  believed  to  be  the  cause  of  rheumatism. 
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COOH 
Oxalic  Acid,  | 

COOH 

The  symptoms  of  oxalic-acid  poisoning  are  those  of  the  mineral 
acids  along  with  the  special  effects  of  the  oxalates.  If  it  is  taken 
in  a  concentrated  form,  death  rapidly  ensues  from  collapse  induced 
by  gastro-enteritis  ;  but  if  more  dilute,  irregular  nervous  symptoms 
may  be  present,  such  as  anaesthesia,  paralysis,  or  narcosis.  Salts 
COOH 

of  lemon    |         acts  in  the  same  way  as  oxalic  acid. 
COOK 

CH.OH.COOH 

Tartaric  Acid,  | 

CH.OH.COOH 

Tartaric  acid  is  used  with  the  soluble  carbonates  to  make 
effervescing  draughts  :  about  8  parts  of  the  acid  should  be  mixed 
with  7  parts  of  sodium  bicarbonate  for  this  purpose.  Such  drinks 
form  a  pleasant  way  of  administering  saline  aperients.  A  small 
amount  is  absorbed  and  is  excreted  as  carbonate  m  the  urine, 
which  is  rendered  more  alkahne. 


Citric  Acid,  C3H,.0H.(C00H)3 

Citric  acid  and  lemon-juice  are  used  as  coohng  drinks  for  febrile 
patients.  Lime-juice  and  lemon-juice  are  prophylactics  against 
scurvy,  but  this  is  not  due  to  the  citric  acid  they  contain. 

Citric  acid,  like  oxahc  acid,  prevents  clotting  in  freshly  drawn 
blood,  apparently  by  combining  with  the  calcium.  But  calcium 
citrate  differs  from  oxalate  in  that  it  is  slightly  soluble.  Until 
further  evidence  is  available  we  must  suppose  that  this  salt  (calcium 
citrate)  does  not  ionise,  and,  therefore,  the  calcium  no  longer  exerts 
its  ionic  action.  A  small  proportion  is  absorbed  and  is  excreted 
in  the  urine  as  carbonate. 


Sulphurous  Acid 

The  most  characteristic  effect  of  this  acid  is  its  power  of  reduction. 
Thus  in  the  presence  of  water  it  tends  to  form  sulphuric  acid  and 
to  hberate  hydrogen,  H,SO,,  +  H^O  =  H,SO,  +  H„.  Sulphurous 
acid  is,  therefore,  a  powerful  antiseptic  and  disinfectant,  and  acts  by 
reduction.  It  is  frequently  used  to  disinfect  rooms,  and  for  this 
purpose  sulphur  is  burnt  in  a  moist  atmosphere.  Sufficient  sulphur 
is  however  rarely  employed,  because,  for  efficient  disinfection 
from  three  to  six  pounds  of  sulphur  should  be  used  for  every  looo 
cubic  feet  of  space  ;  and  the  room  must  be  kept  closed  up  for 
about  twenty  hours. 
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Inhalation  of  the  fumes  of  sulphur  dioxide  produces  irritation 
of  the  mucous  membrane,  with  sneezing,  coughing,  lachrymation 
and  bronchial  catarrh.  Sulphurous  acid  is  sometimes  used  ex- 
ternally as  an  antiseptic  in  skin  diseases. 


MATERIA  MEDICA 

Acidum  Sulphuricum. 

Preparations 

1.  Acidum  Sulphuricum  Dilutum. — Contains  13.65  percent.  H.,SOj. 

Dose,  5  to  20  m. 

2.  Acidum  Sulphuricum  Aromaticum. — It  contains  much  ethyl 

sulphuric  acid.  ' 
Dose,  5  to  20  m. 

Acidum  Nitricum. 

Preparations 

1.  Acidum  Nitricum  Dilutum. — 17.44  per  cent.  HNO3. 

Dose,  5  to  20  m. 

2.  Acidum  Nitro-hydrochloricum  Dilutum. — Contains  free  chlorine. 

Dose,  5  to  20  m. 

Acidum  Hydrochloricum. 

Preparations 

1.  Acidum  Hydrochloricum  Dilutum. — 10.58  per  cent,  of  HCl. 

Dose,  5  to  20  m. 

2.  Acidum  Nitro-hydrochloricum  Dilutum. 

Dose,  5  to  20  m. 

Acidum  Phosphoricum  Concentratum. 

Preparation 

Acidum  Phosphoricum  Dilutum, — 13.8  per  cent,  of  acid. 
Dose,  5  to  20  m. 

Acidum  Aceticum. 

Preparations 

1.  Acidum  Aceticum  Dilutum.— 4.27  per  cent,  of  acid. 

Dose,  ^  to  2  drs. 

2.  Oxymel. 

Dose,  I  to  2  drs. 

Acidum  Aceticum  Glaciale. 
Acidum  Lacticum. 

Acidum  Tartaricum.    Dose,  5  to  20  grs. 
Acidum  Citricum.    Dose,  5  to  20  grs. 

Acidum  Sulphurosum. — A  solution  corresponding  to  5  per  cent.  SO 
Dose,  ^  to  I  dr.  •  ■  2 
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THE  SOLUBLE  ALKALIES 

We  include  under  this  heading  the  carbonates,  bicarbonates  and 
hydroxides  of  the  metals  potassium,  sodium  and  lithium.  In 
the  case  of  these  salts  the  effect  is  due  to  the  negative  ion,  that  is, 
the  O^  ion,  for  the  action  of  carbonates  in  the  body  is  the  result 
of  dissociation,  thus  NaHCO^  =  NaHO  +  CO,.  The  alkalinity 
is  due  likewise  to  the  OH  ion,  and  the  hydroxides  are,  therefore, 
much  more  alkaline  and  exert  a  much  greater  toxic  effect  than  the 
carbonates,  as  the  latter  only  partly  dissociate. 

The  carbonate  and  hydroxide  of  ammonia  are  not  included  in  the 
group  of  alkalies,  since  their  action  depends  rather  on  the  Hberation 
of  free  ammonia  gas  than  on  the  presence  of  the  OH  ion. 

All  the  alkalies  possess  certain  properties  in  common.  They 
neutralise  acids,  dissolve  proteids  forming  alkali  albumens,  and 
saponify  fats. 

Potassium  hydrate,  sodium  hydrate  and  lithium  hydrate  have 
a  disinfectant  action  in  proportion  to  their  degree  of  dissociation, 
that  is,  to  the  degree  of  concentration  of  (OH)  hydroxyl  ions  in 
the  solution,  and  this  affords  some  proof  that  it  is  the  negative  ions 
which  produce  these  effects. 

When  these  alkalies  are  applied  externally  to  the  skin  they 
dissolve  the  superficial  layers  and  saponify  oily  material,  and  are, 
therefore,  used  for  cleansing  purposes.  They  are  employed  in 
medicine  to  relieve  irritation,  such  as  from  urticaria,  nettle  and  insect 
stings,  and  this  they  do  either  by  neutralising  or  removing  the 
irritants.  Strong  solutions  of  the  hydrates,  which  are  much  more 
corrosive  than  the  carbonates,  give  rise  to  irritation,  inflammation, 
and  eventually  to  necrosis  and  ulceration.  This  "  caustic  "  action 
is  due  to  the  affinity  of  the  drug  for  water  and  to  its  power  of  dis- 
solving albumen  :  when  such  caustics  are  used  practically  for 
the  destruction  of  any  superficial  part,  such  as  a  wart,  they  are 
appHed  to  the  skin  as  a  soHd  stick.  Caustic  potash  is  generally  em- 
ployed for  this  purpose,  and,  on  account  of  its  dehquescent  pro- 
perties and  the  severity  of  action,  it  is  commonly  mixed  with  hme 
and  made  into  a  paste  with  alcohol— Vienna  paste. 

Internal  Action.— AlkaUes  possess  a  characteristic  alkaline  taste, 
and  produce  a  soapy  feeling  in  the  mouth.  They  dissolve  the  mucus 
as  well  as  the  superficial  layer  of  cells  in  the  mouth,  and  inhibit 
the  secretion  of  saUva  so  that  the  mucous  membrane  of  the  tongue 
and  lips  presents  a  bright  red  colour.  Alkaline  solutions  may, 
therefore,  be  used  to  cleanse  the  mouth  :  they  are  also  sometimes 
employed  to  give  relief  in  toothache  brought  about  by  acid  irritation 
in  a  decayed  tooth. 

On  reaching  the  stomach  they  exert  a  very  important  effect. 
It  should  be  remembered  that  water  alone  has  some  stimulating 
influence  on  the  gastric  glands  ;  this  is  not  a  reflex  effect  through 
the  centre,  such  as  results  from  the  action  of  food  on  the  nerve- 
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endings  of  taste,  but  a  direct  action  on  the  glands  because  section 
of  tlie  vagi  does  not  prevent  it.    This  must  be  kept  in  view  when 
testing  the  action  of  other  substances.    Pawlow  clearly  showed 
that  solutions  of  iilkalies  from  0.05  to  i  per  cent,  when  placed  in 
the  stomach  prevent  this  stimulating  property  of  water,  and  he 
also  conclusively  demonstrated  that  these  dmgs  exert  a  decided 
inhibitory  action  on  the  gastric  glands.    These  effects  were  shown 
by  means  of  the  artificial  feeding  experiments,  already  described 
under  "Bitters,"  in  which  dogs  were  subjected  to  cesophagotomy, 
and  also  had  a  small  portion  of  stomach  isolated  and  attached  to 
the  skin  for  inspection.    It  was  found  that  if  animals  received 
soda  dming  feeding,  this  otherwise  big  juice-exciting  procedure 
had  very  little  effect,  and  that  the  pieces  of  flesh  which  dropped 
from  the  upper  part  of  the  oesophagus  were  scarcely  insahvated. 
Now  there  can  be  no  question  that  alkalies  produce  very  beneficial 
effects  in  various  derangements  of  digestion.    These  affections 
are  commonly  characterised  in  the  eariier  stages  by  a  hypersecretion, 
in  which  there  is  a  superfluous  and  useless  flow  of  gastric  juice. 
Later,  it  is  usual  to  get  a  continuous  secretion  of  shmy,  weakly 
acid  juice,  and  the  gland-cells  obtain  no  rest.    The  correct  treat- 
ment in  these  cases  would  obviously  be  to  give  the  stomach  time 
for  recuperation,  to  restrain  this  excessive  work,  and  it  is  in  this 
way  that  the  alkalies  are  supposed  to  act.    This  treatment  is  analo- 
gous to  the  digitalis  treatment  of  a  very  rapid  heart.    A  dog  whose 
stomach  shows  a  well-defined  artificially  produced  hypersecretion, 
is  also  readily  cured  by  alkahes  :    the  secretion  diminishes  and 
the  great  excitement  of  the  glands  subsides. 

Alkalies,  such  as  sodium  bicarbonate,  especially  when  taken 
regularly  for  some  time,  diminish  the  flow  of  pancreatic  juice. 
The  cause  of  this  is  to  be  found  in  the  diminished  activity  of  the 
stomach.  The  secretion  of  hydrochloric  acid  is  diminished  and 
less  secretin  is  formed  in  the  duodenum,  hence  the  flow  of  pancreatic 
juice  is  smaller  than  under  normal  conditions. 

The  secretion  of  bile  does  not  appear  to  be  altered. 
Absorption.— The  alkalies  are  absorbed  as  carbonate,  and 
])ossibly  to  some  extent  combined  with  albumen.  After  absorption 
they  necessarily  increase  the  alkahnity  of  the  tissues;  for  even 
when  they  are  entirely  neutralised  by  acid  in  the  stomach,  they 
will  set  free  that  alkali  which  would  normally  neutralise  this  acid 
during  its  absorption. 

It  is  an  old  adage  that  any  drug  which  increases  the  alkalinity 
of  the  tissues  stimulates  metabolism  and  increases  the  oxidation 
of  proteids  and  fats.  The  reason  given  for  this  is  that  oxidation 
outside  the  body  is  generally  more  rapid  in  alkaline  than  acid 
solutions.  The  metabolic  changes  in  the  body  are,  however,  not 
greater  than  can  be  accounted  for  by  the  simple  salt  action  and 
diuresis.  The  urine  shows  a  slight  increase  in  the  excretion  of  urea 
with  a  corresponding  diminution  in  the  e.\ct:qti.Qn.  of  ammonium. 

Y 
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This  may  be  explained  by  supposing  that  the  acid  absorbed  from 
tlie  alimentary  canal  is  normally  neutraUsed  by  combmation  with 
ammonium  in  the  tissues,  and  that  this  is  now  replaced  by  fixed 
alkali ;  mineral  acids  should,  therefore,  increase  the  excretion  of 
ammonia  which,  as  we  have  seen,  is  what  occurs. 

Respiratory  Passages.— The  carbonates  check  the  mucous 
secretion  of  catarrh,  but  render  what  secretion  there  is  more  alka- 
hne  They  appear  to  act  on  these  mucous  glands  in  much  the 
same  way  as  they  affect  the  gastric  cells.    The  action  is  direct, 

through  the  circulation.  , ,  j- 

Urine.— Salt-action  is  responsible  for  considerable  diuresis, 
and  the  amount  of  ah  salts  in  the  urine  is  found  to  be  increased. 
The  urine  at  first  is  rendered  more  alkaline  from  the  bicarbonate 
excretion,  but,  unless  large  doses  are  taken  frequently,  it  quickly 
regains  its  normal  condition  of  acidity. 

Action  on  Isolated  Organs.— SmaU  amounts  of  alkah  increase 
the  movements  of  leucocytes,  amoebfe,  ciha,  and  other  forms  of 
undifferentiated  protoplasm,  whilst  larger  amounts  dimmish  the 
same  automatic  movements.  Gaskell  showed  that  dilute  alkalies 
cause  a  tonic  contraction  of  the  muscle-fibre  at  the  apex  of  the  frog  s 
heart :  relaxation  during  diastole  becomes  less  and  less,  and  the 
heart  ultimately  stops  in  systole.  Dilute  alkalies  also  constrict 
the  frog's  vessels  during  perfusion.  All  these  effects  are  antago- 
nised by  acids.  ^,     •  ,4. 

Effect  of  Alkalies  on  Uric  Acid  Excretion.— The  important 
factor  in  the  precipitation  of  free  uric  acid  in  the  urinary  passages 
is  a  strongly  acid  urine.  Alkalies  are  used  in  medicine  with  the 
object  of  keeping  uric  acid  in  solution.  They  are  of  no  value  for 
dissolving  uric  acid  already  precipitated,  but  they  form  a  means 
of  arresting  further  precipitation. 

The  biurates  of  potassium  and  lithium  are  more  soluble  than 
that  of  sodium,  therefore  the  former  salts  are  used  for  preference 
in  gout— a  disease  which  is  characterised  by  an  excess  of  uric  acid. 
Practically,  however,  it  has  been  shown  by  Roberts,  Luff  and  others 
that  alkahes  cannot  prevent  or  even  delay  the  precipitation  of 
sodium  biurate  from  solutions  of  the  quadriurate,  which  is  the 
condition  in  which  the  uric  acid  exists  in  blood. 

Alkalies  produce  no  marked  alteration  in  the  excretion  of  unc 
acid. 


MATERIA  MEDICA 

Liquor  Potassae.— 5.85  per  cent,  solution.  Dose,  10  to  30 
Potassa  Caustica. — KHO. 

Potassii  Carbonas.— K.,CO.,.    Dose,  5  to  20  grs. 
Potassii  Bicarbonas.— KHCO,,.    Dose,  5  to  30  grs. 
Sodii  Carbonas.— Na,C03.    Dose,  5  to  30  grs. 
Sodii  Carbonas  Exsiccatus.--Na.,CO.,.  ,  Dose,  3  to  10  grs. 


ALKALIES  339 
Sodii  Bicarbonas. — NaHCO,.    Dose,  s  to  30  grs. 

PrI' PA  RATION 

Trochiscus  Sodii  Bicarbonatis. — 3  gra.  in  cacli. 

Liquor  Ammoniae  Fortis. 

Liquor  Ammonia".    Dose,  10  to  20  m. 

Ammonii  Carbonas.— NH,.liCt),,  and  NIi^.NH.,CO.,.  A  variable 
mixture.    Dose,  3  to  10  grs. 

Lithii  Carbonas.    Dose,  2  to  5  grs. 
Calx. 

Calcii  Hydras.— (CaH,0,).    See  Salts  of  Calcium. 


CHAPTER  XXIII 


THE  ACTION  OF  CERTAIN  NEGATIVE  IONS 

Acetate,  Nitrate,  Sulphate,  Phosphate,  Tartrate,  Citrate, 
Hypophosphite,  Sulphite,  Chlorate,  Oxalate 

Acetates,  like  clilorides,  have  no  special  action  on  the  body : 
they  are  slightly  decomposed  in  the  stomach  by  the  hydrochloric 
acid,  and  large  quantities  will  produce  a  salt  irritation.  From 
the  small  intestine  they  are  rapidly  absorbed  and  are  oxidised  in 
the  tissues  to  the  carbonate,  so  rendering  the  blood  more  alkaline. 
Acetates  are  rapidly  excreted  as  carbonate  in  the  urine,  increasing 
its  alkahnity ;  only  about  3  per  cent,  is  excreted  unchanged. 
They  form  excellent  diuretics. 

As  acetates  are  oxidised  in  the  body  they  must  supply  some 
energy,  but  they  cannot  be  used  to  replace  fats  or  carbohydrates 
Uke  alcohol,  because  by  exerting  their  salt- action  they  derange 
digestion  and  increase  the  urine. 

NO3  Ion. — Nitrates,  though  more  or  less  foreign  to  the  animal 
body,  are  nevertheless  only  shghtly  toxic,  and  lower  forms  of  life 
and  fish  are  hardly  affected  by  dilute  solutions  of  sodium  nitrate. 
They  induce  salt  action  much  hke  the  CI  ion,  but  are  more  irritant, 
since  an  isotonic  solution  produces  some  irritation  of  the  stomach 
and  intestines.  Hence,  it  is  probable  that  there  is  a  specific  irrita- 
tion besides  the  salt  action.  Big  doses  cause  gastritis,  nausea, 
vomiting,  diarrhoea  and  sometimes  nephritis,  and  death  occurs 
in  much  the  same  way  as  after  .big  doses  of  sodium  chloride. 

Nitrates  readily  penetrate  cells,  and  are  easily  absorbed.  There 
is  some  doubt  as  to  their  excretion  ;  part  is  undoubtedly  excreted 
in  the  urine,  and  induces  considerable  churesis ;  part  by  the  sweat, 
which  is  also  increased  ;  and  the  drag  is,  therefore,  said  to  be  a  diapho- 
retic. It  has  been  supposed  also  that  some  of  the  nitrogen  is  given 
off  by  the  lungs  as  gas. 

Organic  nitrates,  such  as  nitroglycerin,  are  converted  by  organic 
matter  into  nitrites,  but  this  action  is  negligible  with  the  inorganic 
nitrates. 

Bibulous  paper  soaked  in  a  strong  solution  of  potassmm 
nitrate  and  dried,  when  burned  slowly  by  allowing  it  to  smoulder, 
gives  off  fumes  which  are  inhaled  to  relieve  the  spasmodic  con- 
striction of  the  bronchioles  in  asthma.  The  effect  is  due  to  pyridine 
compounds. 
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SO4  Ion.  —  Sulphates  do  not  exert  any  specific  action,  and 
moreover,  they  penetrate  the  tissues  with  difficulty,  so  that  very 
little  IS  absorbed  from  the  ahmentary  canal.  When  introduced 
directly  nito  the  circulation  sodium  sulphate  acts  as  a  better  diuretic 
than  other  salines,  such  as  sodium  chloride,  possibly  because  it  is  not 
so  readily  absorbed  by  the  renal  tubules  as  the  chloride,  and  thus 
retains  a  large  amount  of  water.  About  one-tenth  of  the  total 
excretion  of  sulphate  is  in  the  form  of  ethereal  sulphate,  derived 
from  the  aromatic  substances  in  the  food  and  from  putrefaction  in 
the  bowel.  Many  aromatic  substances  are  excreted  combined  with 
sulphuric  acid,  and  so  increase  the  ethereal  sulphates  in  the  body 
buch  substances  are  phenol,  cresol,  pyrocatechin,  indol  and  skatol. 
bodmm  sulphate  is  used  as  an  antidote  in  poisoning  by  phenol 
and  some  other  aromatic  bodies. 

PO,  Ion  has  no  special  effect.  Phosphates  given  by  the  mouth  exert 
a  local  cathartic  salt-action,  and  are  only  slightly  absorbed.  In- 
jected subcutaneously  some  of  the  salt  is  excreted  by  the  intestines 
and  some  by  the  urine.  The  normal  phosphate  in  the  urine 
is  partly  denved  from  food  and  partly  from  the  nucleins  of  the 
cells. 

Tartrate  Ion.— Tartrates  are  not  absorbed  to  any  considerable 
extent  from  the  alimentary  canal,  and  they  are,  therefore,  cathartic. 
Ut  the  portion  absorbed,  one  part  is  oxidised  to  the  carbonate,  and 
bemg  excreted  by  the  urine,  renders  both  it  and  the  blood  more 
alkaline  ;  the  other  part  passes  out  in  the  urine  unchanged.  During 
excretion  the  flow  of  urine  is  increased  by  the  salt-action. 

Citrate  Ion.— Citrates  behave  much  like  the  tartrates  They 
are  not  readily  absorbed,  and  are,  therefore,  aperient.  After  absorp- 
tion practically  the  whole  of  the  salt  is  oxidised  to  the  carbonate, 
m  which  form  it  is  excreted  in  the  urine.  The  soluble  citrates  are 
largely  used  to  increase  the  flow  of  urine  and  to  render  the  blood 
and  urme  more  alkaline  as  in  gout.  When  injected  into  man  they 
retard  the  clotting  power  of  the  blood ;  this  is  due  to  the  formation 
of  calcium  citrate,  which,  though  soluble,  presumably  does  not 
ionise. 

PO,  Ion  (hy])ophos]Aites).-They  are  readily  absorbed,  and  the 
whole  can  be  recovered  in  the  urine.  It  has  been  stated  that  they 
have  an  action  on  nutrition  hke  ])hosphorus ;  they  are,  therefore, 
sometimes  administered  in  wasting  diseases  .such  as  phthisis  There 
IS,  however,  no  evidence  to  show  that  they  behave  differently  from 
any  other  salts.- 

SO,  Ion.— Sodium  sulphite  is  a  weak  anti.septic,  acting  like  sul- 
phurous acid  by  reduction.  It  is  given  in  20-gr.  doses  to  disinfect 
the  stomach,  especially  when  sarcin^c  aiid  toruhe  are  i)lentiful,  and 
It  is  also  used  externally  in  parasitic  skin  diseases 

When  sulphites  are  taken  by  the    mouth  .sulphur  dioxide  is 
liberated  in  the  stomach,  and  may  induce  nausea  and  vomiting 
In  poisonous  doses  there  is  resthvssncss  nnd  great  muscular  weak- 
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ness  ;  this  is  ultimatel}'  followed  by  respiratory  jmralysis  and  death. 
Injections  of  the  drug  under  the  skin  are  very  much  more  poisonous, 
and  quickly  induce  paralysis  of  the  medulla,  including  the  vaso- 
motor and  respiratory  centres. 

Chlorates 

The  early  writers  on  the  chlorates  supposed  that  they  were 
reduced  in  the  organism  and  gave  up  oxygen  to  the  tissues.  It  is 
for  this  reason  that  they  have  come  to  be  used  so  generallj^  both 
locally  and  internally,  in  foul  conditions  of  the  mouth  and  pharynx. 
But  although  they  ai"e  not  reduced  to  any  extent  in  the  blood  and 
tissues  of  the  healthy  individual  as  formerly  supposed — since  from 
90  to  95  per  cent,  of  the  salt  can  be  recovered  in  the  urine — they 
yet  exert  a  beneficial  effect  in  putrid  inflammation  of  the  mouth 
and  throat,  and  in  catarrh  of  the  bladder  with  decomposition  of 
the  urine.  The  following  is  one  explanation  of  the  manner  in  which 
this  is  effected  : — It  is  easily  shown  that  chlorates  undergo  slow 
reduction  when  in  contact  with  putrefying  organic  matter,  and  it 
is  known  that  they  are  continuously  eliminated  by  the  salivary 
glands,  the  mucous  membranes  and  the  kidneys  ;  hence,  it  is  suggested 
that,  although  normal  tissue  fails  to  reduce  them,  the  reduction  is 
effected  by  septic  tissue.  The  oxygen,  being  eliminated  in  the 
nascent  state,  would  act  as  a  mild  iri'itant.  Potassium  chlorate 
is  not  more  disinfectant  than  other  salts,  and  is  thi"ee  or  four  thou- 
sand times  less  active  than  perchloride  of  mercury. 

Action  on  the  Blood. — Chlorates  have  a  specific  action  on  the 
blood.  If  sodium  chlorate  is  added  to  a  little  drawn  blood  and 
shaken  up  the  mixture  soon  turns  a  chocolate  colour,  and  shows 
the  spectrum  of  methaemoglobin  and,  later,  of  hsematin.  In  a  short 
time  the  red  blood-corpuscles  are  found  to  be  partly  disintegrated 
and  the  methaemoglobin  set  free  in  the  serum.  It  will  be  remembered 
that  the  formation  of  the  methcemoglobin  by  the  nitrites  does  not 
involve  this  destruction  of  the  red  blood-corpuscles.  The  chlorate 
ion  is  not  used  up  in  the  formation  of  methjemoglobin,  so  that  an 
indefinite  amount  of  this  body  can  be  formed  from  a  small 
quantity  of  the  drug — a  further  contrast  to  the  nitrites. 

Microscopical  examination  shows  the  red  blood-corpuscles  often 
mis-shapen  and  colourless,  and  the  pigment  in  the  form  of  round 
granules  but  retaining  its  colour.  The  diminution  in  the  number 
of  the  corpuscles  appears  after  the  development  of  the  brown 
colouration,  that  is,  the  methaemoglobin  is  produced  before  thedestruc- 
tion  of  the  corpuscles.  The  disintegration  is  much  more  active  in 
some  animals,  for  example  the  dog,  than  in  others,  such  as  the 
rabbit  or  man.  The  destruction  of  the  colouring-matter  b}'  chlorates 
is  much  .slower  than  under  the  influence  of  acids  or  alkalies.  Taking 
man's  blood  as  an  example,  the'  hremoglobin  is  destro^'ed  in  tlie 
following  times  : — 
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(1)  Addition  of  lo  per  cent,  soda,  one  to  two  minutes. 

(2)  Addition  of  lo  per  cent,  acetic  acid,  eighteen  minutes. 

(3)  Addition  of  20  per  cent,  potassium  chlorate,  six  hours. 
Chlorates  produce  the  same  changes  in  circulating  blood  as  on 

drawn  blood.  The  formation  of  a  small  amount  of  methaemoglobin 
pi'oduces  no  evil  results  in  animals,  but  when  much  is  formed 
secondary  effects  arise  from  the  chsintegrated  corpuscles,  whilst  a 
very  large  conversion  prevents  oxygenation  of  the  blood  and  causes 
death  from  asphyxia. 

Secondary  effects  of  large  doses  of  chlorates  are  mainly  to  be  found 
in  the  kidney.  The  urine  is  dark  brown  in  colour  and  contains 
albumen  and  haemoglobin,  as  well  as  the  products  of  the  destruction 
of  the  red  blood-corpuscles,  which  not  infrequently  occur  in  the 
form  of  casts.  The  disintegrated  corpuscles  may  be  present  to 
such  an  extent  in  the  blood  as  to  block  up  the  renal  tubules  and 
so  lead  to  anuria  and  urtemia.  Death  from  this  cause  would  occur 
several  days  after  taking  the  drug. 

The  bile  pigment  is  increased,  and  jaundice  sometimes  ensues 
from  its  excessive  absorption.  Debris  of  red  blood-corpuscles 
have  been  found  in  the  liver,  spleen  and  bone-marrow. 

Chlorates  were  once  believed  to  have  an  action  on  the  central 
nervous  system,  since  intracerebral  injections  first  excite  and  then 
paralyse  the  nerve-cells  ;  but  sodium  chloride  will  also  produce 
this  effect. 

The  chlorate  ion  is  absorbed  rapidly,  and  from  go  to  95  per  cent, 
is  excreted  in  the  healthy  individual,  mostly  by  the  urine,  in  which 
it  may  be  detected  about  five  minutes  after  administration,  and 
in  the  saliva  in  the  same  time  :  the  elimination  continues  for  about 
forty-eight  hours.  The  bronchial  and  nasal  mucus,  the  perspira- 
tion and  the  milk  also  contain  the  drug. 

The  symptoms  seen  after  taking  an  overdose  of  the  drug  are, 
generally,  nausea  and  vomiting  arising  from  salt-action,  diuresis, 
cyanosis,  heaviness  and  pain  in  the  loins  and  abdomen,  with  brown 
and  scanty  urine.  The  cyanosis  increases  gradually,  respiration 
becomes  weaker,  and  death  results  from  respiratory  failure.  The 
patient  may  continue  to  live  for  a  week  or  more  with  gastro-intes- 
tinal  symptoms,  sometimes  associated  with  jaundice  and  erythe- 
matous skin  eruptions.  In  these  cases  the  urine  is  at  first  scanty, 
brown,  and  contains  albumen,  casts,  haemoglobin,  methaemoglobin 
and  hcematin.  Later  the  flow  ceases  entirely,  and  uraemia  is  the 
cause  of  death.  Post-mortem,  in  these  cases  there  is  generally  more 
or  less  inflammation  to  be  found  in  the  stomach,  intestines,  bladder 
and  kidneys,  the  tubules  of  the  latter  being  plugged  with  blood- 
debris. 

Oxalates 

Oxalates  act  as  general  protoplasmic  poisons ;  thus,  they 
destroy  low  forms  of  animal  life  and  algns.    If  a  little  sodium  oxalate 
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is  applied  to  a  frog's  nerve-muscle  preparation,  the  nerve-endingsi 
are  quickly  paralysed  and  the  nerve-fibres  lose  their  irritability. 
The  frog's  and  mammal's  heart  when  perfused  with  sodium  oxalate 
become  gradually  weaker,  and  ultimately  cease  to  beat.  It  is 
conceivable  that  this  effect  is  caused  by  precipitation  of  the  calcium 
in  the  organism,  and  this  is  supported  by  the  fact  that  moulds 
which  are  not  influenced  by  oxalates  contain  no  calcium,  and 
also  that  calcium  restores  the  lost  function  to  a  tissue  which  has 
been  treated  with  oxalate.  The  latter  is  not  very  powerful  evidence, 
as  the  calcium,  before  supplying  the  tissues,  must  first  preci])itate 
all  the  obnoxious  oxalate. 

Oxalates  prevent  the  blood  from  coagulating  whether  they  are 
injected  into  the  circulation  or  added  directly  to  the  blood  outside 
the  body  :  they  similarly  prevent  rennet  from  coagulating  milk ; 
in  both  cases  they  act  by  pi-ecipitating  the  calcium. 

Oxalates  are  very  irritant  to  the  stomach  and  intestines,  and 
when  in  concentration  they  may  act  as  caustics  like  the  mineral 
acids.  They  are  absorbed  slowly  and  are  not  oxidised  in  the  body. 
When  injected  into  animals,  stimulation  followed  by  paralysis  of 
the  central  nervous  system  is  produced,  and  respiratory  failure 
causes  death. 

The  prolonged  administration  of  oxalates  to  rabbits  has  resulted 
in  changes  in  the  bone  somewhat  resembling  those  of  rickets. 

Excretion.— Oxalates  are  excreted  in  the  urine,  where  they 
appear  as  the  "envelope  crystals"  of  calcium  oxalate:  these 
may  be  present  in  such  large  quantities  as  to  block  the  urinary 
tubules  and  induce  nephritis.  Tomatoes,  spinach  and  rhubarb  con- 
tain considerable  quantities  of  oxalate,  and  the  salt  may  also  appear 
in  the  urine  from  the  incomplete  oxidation  of  carbohydrate  food. 
Glycosuria  and  indicanuria  are  occasionally  observed  after  large 
absorption  of  oxalates. 

In  cases  of  poisoning  the  treatment  should  consist  in  the  adminis- 
tration of  lime  or  any  soluble  calcium  salt,  together  with  con- 
siderable quantities  of  water,  the  object  of  the  latter  being  to  wash 
out  from  the  urinary  tubules  the  crystals  of  calcium  oxalate. 

MATERIA  MEDICA 

Potassii  Acetas.    Dose,  lo  to  60  grs. 
Liquor  Ammonii  Acetatis.    Dose,  2  to  6  drs. 
Potassii  Nitras.    Dose,  5  to  20  grs. 
Potassii  Sulphas.    Dose  10  to  40  grs. 

Sodii  Sulphas.    Dose,  30  to  120  grs.  repeated,  or  J  to  i  oz.  single. 

Sodii  Sulphas  Effervescens.— With  sodium  bicarbonate,  citric  acid 
and  tartaric  acid.  Dose,  60  to  120  grs.,  or  \  to  i  oz.  for  a  single  adminis- 
tration. 

Magnesii  Sulphas.    Dose,  30  grs.  to  i  oz. 

Sodii  Phosphas.— Na,HPO.,.  Dose,  30  to  120  grs.,  or  i  to  i  oz.  for  a 
single  administration. 
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Sodii  Phosphas  Effervescens. — With  sodium  bicarbonate,  citric  acid 
and  tartaric  acid.  Dose,  30  to  120  grs.,  or  ^  to  I  oz.  for  a  single  ad- 
ministration. 

Ammonii  Phosphas.    Dose,  5  to  20  grs. 

Potassii  Citras.    Dose,  10  to  40  grs.  , 

Lithii  Citras.    Dose,  5  to  10  grs. 

Lithii  Citras  Effervescens.    Dose,  60  to  120  grs. 

Liquor  Ammonii  Citratis.    Dose,  2  to  6  drs. 

Potassii  Tartras.  Dose,  20  to  60  grs.  diuretic  ;  2  to  4  drs.  as  a  purga- 
tive. 

rCHOH  COOH 

Potassii  Tartras  Acidus. — [cHOH  COOK-  *°   ^°  S^'^- 

diuretic  ;  2  to  8  drs.  as  a  purgative, 
t;  .         .      ,  fCHOH.COONa 

ooaa   iartarata. — (^(^jjoH  COOK  '  3°  to  60  grs.  diuretic  ; 

i  to  ^  oz.  as  a  purgative. 

Preparation 

Pulvis  Sodae  Tartaratas  Effervescens. — Seidlitz  powder.  Sodium 
potassium  tartrate  120  grs.  and  sodium  bicarbonate  40  grs.  ; 
mix  and  wrap  in  blue  paper.  Tartaric  acid  38  grs.,  wrapped 
in  white  paper. 

Sodii  Citro-Tartras  Effervescens.    Dose,  60  to  120  grs. 
Sodii  Hypophosphis.~NaPH,0.,.    Dose,  3  to  10  grs. 
Calcii  Hypophosphis.— Ca(PH,6,X,-    Dose,  3  to  10  grs. 
Sodii  Sulphis.    Dose,  5  to  20  grs.  ' 
Potassii  Chloras.    Dose,  5  to  15  grs. 

Preparation 
Trochiscus  Potassii  Chloratis. — 3  grs.  in  each. 
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THE  GROUP  OF  HALOGENS 
IODINE 

The  element  iodine  is  employed  almost  entirely  as  an  external 
application,  and  it  has  been  already  considered  in  this  connection 
under  "  skin  irritants."  It  is  not  often  used  internally,  because 
potassium  iodide  has  nearly  all  its  properties  without  its  disad- 
vantages, such  as  gasti-ic  irritation.  Its  local  action  is  in  no  way 
specific,  and  it  differs  from  other  local  irritants  only  in  that  the 
action  is  slower  in  developing,  milder  in  character,  and  inore  pro- 
longed. Iodine  dyes  the  skin  a  dark  brown  colour  and  pre- 
cipitates proteids,  with  which  it  combines  to  form  easily  dissociated 
compounds  ;  som.e  diffuses  into  the  deeper  layers  of  the  skin  and 
becomes  absorbed,  so  that,  after  painting  the  skin,  iodides  are 
always  to  be  found  in  the  urine. 

The  skin  is  inflamed  and  more  sensitive  :  later,  as  the  effect 
passes  off,  desquamation  occurs.  If  a  rabbit's  skin  is  painted  with 
tincture  of  iodine  the  diapedesis  of  leucocytes  is  easily  observed, 
first  in  the  subcutaneous  ceUular  tissue  but  later  in  the  corium.  The 
local  changes  produce  certain  general  effects,  which  can  be  obtained 
by  any  local  irritation  :  these  are  acceleration  of  the  heart,  rise 
in  blood-pressure  and  stimulation  of  respiration,  besides  reflexly 
influencing  any  organ  which  is  supplied  with  sensory  nerves  from 
the  same  segment  of  the  cord  as  the  irritated  skin  under  consideration. 

When  iodine  is  administered  internally,  it  is  absorbed  as  iodide 
and  produces  the  usual  effects  of  these  bodies,  being  excreted  in 
the  ordinary  way  by  the  urine,  milk,  perspiration  and  bronchial 
mucus  ;  a  small  quantity  is  excreted  as  hydroiodic  acid  into  the 
stomach.  It  differs  in  its  action  from  the  iodides  on  account  of 
its  irritation  of  the  stomach,  large  doses  giving  rise  to  gastro-ententis 
and  collapse:  it  is  also  believed  to  have  a  greater  effect  on  the 
thyroid  gland  than  the  iodides,  and  symptoms  of  thyroid  poisoning 
are  said  to  be  more  common  after  its  use.  This  statement,  however, 
is  open  to  doubt. 

Solutions  of  iodine  are  sometimes  used  to  wash  out  cysts  in  which 
putrefactive  changes  arc  going  on,  and  the  tincture  is  injected  into 
the  tunica  vaginalis  to  excite  adhesive  inflammation  and  so  jiroduce 
a  radical  cure  in  hydrocele. 
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If  free  iodine  is  injected  into  the  vein  of  an  animal  the  pleura 
become  inflamed  and  hcemorrhagic  effusion  with  oedema  of  the 
lungs  ensues  ;  an  effect  almost  similar  to  this  may  be  obtained 
by  injecting  the  iodides. 

MATERIA  MEDICA 

lodum. 

Preparations 

1.  Liquor  lodi  Fortis. — ii4  per  cent,  of  iodine. 

2.  Tinctura  lodi. — per  cent,  of  iodine. 

Dose,  2  to  5  m. 

3.  Unguentum  lodi. — 4  per  cent,  of  iodine. 

IODIDES 

The  internal  action  of  the  iodides  presents  a  remarkable  similarity 
to  that  of  iodine,  and  only  differs  in  that  the  iodides  are  much  less 
irritant  to  the  stomach.  Iodides  have,  therefore,,  come  to  be  ad- 
ministered in  almost  all  cases  where  formerly  iodine  was  given. 
This  resemblance  between  iodides  and  iodine  naturally  led  pharma- 
cologists to  suppose  that  iodine  was  readily  liberated  from  the 
iodide  in  the  body,  and  that  symptoms  of  "iodism"  were  due 
to  the  effect  of  the  hberated  element.  That  iodides  are  partly 
decomposed  in  the  body  one  knows,  because  subcutaneous  in- 
jections of  potassium  iodide  into  animals  leads  to  some  secretion 
of  iodine  into  the  stomach,  and  also  because  some  of  the  iodine 
combines  with  the  tissue-proteids,  especially  those  of  muscle,  and 
forms  an  organic  combination.  Also,  it  is  well  known  that  iodides 
increase  the  amount  of  iodothyrin  in  the  thyroid  gland. 

Iodism.— Iodides  diffuse  readily  into  cells  and  are  very  rapidly 
absorbed  from  the  stomach  and  intestines  :  they  can  be  detected 
in  the  saliva  and  urine  a  few  minutes  after  a  subcutaneous  injec- 
tion. In  large  amounts  they  produce  the  ordinary  effects  of 
salt-action,  as  shown  by  irritation  of  the  stomach  and  vomiting, 
and,  after  absorption,  they  often  give  rise  to  a  remarkable  series  of 
symptoms  known  as  iodism,  a  condition  which  can  be  obtained 
ea.sily  by  the  inhalation  of  iodine  vapour.  The  generally  accepted 
explanation  of  this  condition  is  that  during  excretion "  some  free 
iodine  IS  liberated,  and  that  iodism  is  the  direct  result  of  its  irritant 
action.  This  condition  begins  with  a  brassy  taste  in  the  mouth 
and  symptoms  of  an  ordinary  catarrh.  Soon  there  appear  an 
inflammation  and  swelling  of  the  nasal,  buccal  and  respiratorv 
mucous  membranes.  There  is  running  from  the  nose,  frontal 
headache  due  to  extension  to  the  frontal  .sinuses,  and  conjunctivitis, 
since  a  trace  of  iodine  is  eliminated  in  the  tears.  The  bronchial 
mucus  is  considerably  increased,  and  the  irritation  of  the  iodine 
causes  more  or  less  cough  ;  .sometimes  bronchitis  is  present,  and 
in  a  few  ca.ses  oedema  of  llic  hiiigs  lias  been  observed.  '  The 
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inflammation  rarely  affects  the  throat  and  larynx.  If  a  large  dose 
of  sodium  iodide  is  injected  into  a  rabbit,  no  symptoms  will  be 
noticed  for  some  hours  ;  the  animal  then  becomes  ill  and  dies 
from  oedema  of  the  lungs  and  pleuritic  effusion,  due  to  local  secretion 
of  free  iodine. 

Iodide  is  eliminated  partly  by  the  skin  and  frequently  gives  rise  to 
eruptions,  most  commonly  acneiform,  but  almost  any  form  of  skin 
disease  may  be  simulated  :  these  are  due  to  irritation  of  the  sweat 
and  sebaceous  glands.  Other  effects  of  iodism  are  great  depression, 
and  increased  metabolism  leading  to  emaciation  and  sometimes  to 
a  kind  of  cachexia.  In  some  cases  iodides  cause  wasting  of  the 
mamnife  and  testes. 

It  is  commonly  stated  that  on  increasing  the  dose  of  iodide  the 
symptoms  of  iodism  disappear,  and  such  is  undoubtedly  sometimes 
the  case  ;  for  example,  patients  who  take  i  or  2  grs.  with  great 
inconvenience  experience  no  ill  effects  when  the  dose  is  increased 
to  10  or  15  grs.  Possibly  the  fact  that  iodine  is  freely  soluble  in 
potassium  iodide  may  explain  this,  for  by  dissolving  the  free  iodine 
it  aids  excretion. 

Explanation  of  Action. — The  question  as  to  what  causes  the 
liberation  of  free  iodine  during  the  excretion  of  iodides  from  the 
body  has  been  the  subject  of  considerable  discussion  :  as  alread}' 
observed,  there  can  be  no  doubt  that  the  conjunctivitis,  coryza 
and  skin  ei'uptions  are  produced  in  this  way,  and  free  iodine  has 
been  detected  in  some  of  the  secretions.  It  has  been  suggested 
that  the  decomposition  is  effected  by  nitrites,  ozone,  carbonic  acid 
and  other  substances  ;  but  it  should  be  remembered  that  iodides 
are  very  easily  decomposed  ;  sunlight,  organic  matter  and  pro- 
toplasm will  do  this.  Iodides  enter  into  combination  with  the 
proteids  of  the  body.  This  can  be  shown  by  injecting  a  little  sodium 
iodide  into  a  frog,  when  there  is  an  almost  immediate  effect  on  the 
local  muscles  which  become  hard,  show  an  acid  reaction,  and 
enter  into  a  sort  of  rigor  mortis  :  the  effect  spreads  slowly  to  the 
more  distant  muscles.  This  condition  closely  resembles  that 
caused  by  caffeine.  Free  iodine  cannot  be  detected  in  the  muscles 
any  moi'e  than  it  can  be  in  iodoform ;  it  exists  in  organic  com- 
iDination. 

Action  on  the  Thyroid  Gland. — Most  patients  suffering  from 
goitre — enlargement  of  the  thyroid  gland — improve  under  the 
influence  of  iodides,  and  the  goitre  becomes  smaller.  A  few  patients 
do  not  get  well  but  develop  alarming  symptoms.  These  consist 
of  great  and  rapid  emaciation,  a  very  quick  pulse,  palpitation  of 
the  heart,  tremors,  nervousness,  sleeplessness,  headache,  and 
atrophy  of  the  breasts  or  testicles.  These  symptoms  exactly 
coincide  with  those  of  thyroid  poisoning,  and  in  no  way  resemble 
poisoning  by  iodides.  In  healthy  people  this  condition  is  never 
produced,  and  a  normal  man  may  take  enormous  doses  of  the 
iodides  without  ill  effect ;  but  in  those  suffering  from  tliis  peculiar 
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disease  of  the  thyroid  the  iodine  produces  a  different  result.  Now 
we  know  that  iodides  increase  the  amount  of  one  active  constituent 
of  the  thyroid  gland— the  iodothyrin— and  this  body  produces 
symptoms  similar  to  those  described  :  it  would,  therefore,  seem  that 
in  these  cases  there  is  a  great  deficiency  of  iodine  in  the  gland,  and 
that  its  sudden  appearance  sets  free  a  quantity  of  very  active 
secretion. 

Simple  goitre  may  be  regarded  as  a  compensatory  hypertrophy, 
the  result  of  a  deficient  internal  secretion.  The  iodides  diminisli 
the  size  of  the  gland  by  increasing  the  activity  of  its  secretion. 

Other  Actions  of  the  Iodides. — The  value  of  iodides  in  aneurysm 
is  an  estabhshed  fact  :  and  these  remedies  are  also  beheved  to  pro- 
duce beneficial  effects  in  atheroma.  The  usual  explanation  of 
this  has  been  that  the  drug  lowers  the  blood-pressure  either  by 
depressing  the  heart  or  dilating  the  vessels ;  but  iodides  produce 
neither  of  these  effects.  It  has  been  pointed  out  by  Stockman 
that  myxoedema  {see  Thyroid  Gland)  presents  many  similarities 
to  premature  senility,  especially  in  the  rapid  development  of  atheroma, 
and  so  it  has  been  suggested  that  a  predisposing  cause  of  botli 
atheroma  and  aneurysm  may  be  found  in  a  failure  of  thyroid 
secretion.  If  this  be  so,  the  increased  activity  of  the  thyroid 
gland  under  the  influence  of  iodides  may  lead  to  an  absorption 
of  the  atheromatous  tissue,  such  as  occurs  in  myxcedema  during 
feeding  with  thyroids. 

Iodides  have  a  specific  effect  in  syphiHs,  especially  in  later  or 
tertiary  syphilis,  but  until  we  know  something  more  of  the  pathology 
of  syphihs  the  way  in  which  iodides  act  must  remain  uncertain. 
The  absorption  of  growths  in,  tertiary  syphihs  by  the  administration 
of  iodides  is  generally  regarded  as  due  to  liberation  of  iodine  in  the 
"  gumma,"  a  combination  takes  place  between  the  iodine  and  the 
albumen,  the  cells  die  and  are  absorbed.  In  syphilis  also,  some 
of  the  beneficial  effects  of  iodides  have  been  put  down  to  augmented 
thyroid  secretion. 

Iodides  are  used  in  the  treatment  of  poisoning  by  lead  and  mer- 
cury. They  probably  owe  their  efficacy  here  to  their  chemical 
property  of  being  able  to  dissolve  albuminous  compounds  of  lead 
and  mercury,  and  so  facilitating  their  excretion  by  the  kidneys. 

Intravenous  injections  of  sodium  iodide  paralyse  the  cardiac 
vagal  endings  in  much  the  same  way  as  atropine,  and  it  is  therefore 
an  antidote  to  muscarine  and  pilocarpine.  The  effect  cannot  be 
produced  by  oral  administration. 

Elimination.— Iodides  are  rapidly  excreted  in  the  urine,  saliva, 
perspiration,  milk  and  nasal  mucus.  After  a  hypodermic  injection 
of  potassium  iodide  both  free  iodine  and  hydroiodic  acid  can  be 
detected  in  the  stomach.  It  remains  in  the  body  a  long  time 
and  is  excreted  very  slowly,  traces  being  found  in  the  urine  twenty 
to  thirty  days  after  the  last  dose.  Metabolism  is  little  altered. 
The  excretion  of  nitrogen  and  sulphur  is  slightly  increased,  but 
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the  break-dowu  into  urea  and  sulphates  is  not  complete,  and  in- 
completely oxidised  bodies  appear  in  the  urine. 

MATERIA  MEDICA 

1.  Potassii  lodidum.    Dose,  5  to  20  grs.  or  more. 

Preparations 

1.  Linimentum  Potassii  lodidi  cum  Sapone. 

2.  Unguentum  Potassii  lodidi. 

Potassium  iodide  is  used  as  a  solvent  in  all  pharmacopoeial 
preparations  of  iodine. 

2.  Sodii  lodidum.    Dose,  5  to  20  grs. 

IODOFORM 

Iodoform  is  principally  used  in  surgery  as  a  local  application, 
and  is  commonly  regarded  as  a  valuable  antiseptic.  In  the  labora- 
tory it  has  very  little  germicidal  power  ;  even  a  50  per  cent,  solution 
does  not  kill  most  pathogenic  bacteria  such  as  staphylococci, 
although  putrefactive  microbes  may  be  inhibited  in  their  growth 
by  quite  small  amounts ;  for  example,  it  stops  putrefaction  of 
blood  and  I'etards  the  development  of  bacteria  in  bouillon.  Its 
antiseptic  properties  are,  however,  too  feeble  to  be  of  any  practical 
use.  How  then  does  the  drug  produce  its  beneficial  effects  in 
wounds  ?  Binz  found  that  the  emigration  of  leucocytes  from 
the  blood-vessels  was  hindered  by  the  local  application  of  iodoform, 
that  is,  the  wounded  surface  secreted  less  ;  and  some  have  relied 
on  this  for  an  explanation  of  its  mode  of  action.  Iodoform  in  the 
presence  of  putrefactive  material,  fat  or  ptomaines,  is  decomposed 
and  iodine  is  set  free.  This  nascent  iodine  rapidly  enters  into 
combination  with  any  proteid  material  which  may  be  present, 
and  it  is  probable  that  this  fact  may  account  for  some  of  the  bene- 
ficial effects  of  the  drug. 

Iodoform,  when  taken  into  the  body,  is  absorbed  in  two  ways : 
a  certain  quantity  passes  into  the  sj'stem  as  iodoform  directh' ; 
but  the  greater  part  is  decomposed  by  proteid  solutions  or  alkaline 
fluids  into  iodides,  and  is  so  taken  up.  And  as  it  has  been  already 
shown  that  the  iodides  inci"ease  the  thyroid  secretion  into  the  blood, 
it  is  obvious  that  iodoform  may  cause  a  very  complex  set  of  symp- 
toms, the  result  of  (i)  iodoform,  (2)  iodides,  (3)  thyroid  secretion. 

After  long  continued  doses,  or  where  it  has  been  slowly  absorbed 
from  wounded  surfaces,  a  series  of  s^'mptoms  arise  which  bear 
a  certain  resemblance  to  those  of  alcohol  or  chloroform.  They 
may  come  on  gradually  with  general  depression,  headache,  and  a 
taste  of  iodoform ;  or  develop  suddenly,  in  which  case  there  is 
usually  some  disturbance  of  digestion,  vertigo,  loquacity,  and 
general  want  of  self-control.    Later,  hallucinations  and  melancholia 
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develop,  and  in  some  cases  these  are  followed  by  violent  mania. 
Ultimately,  death  ensues  from  collapse.  During  the  attack  the 
temperature  rises  and  the  respiration  and  pulse  are  quickened ;  the 
heart  in  some  eases  is  particularly  accelerated,  and  it  is  Ijelievcd 
that  this  acceleration  is  caused  by  thyroidism. 

Frogs,  dogs  and  cats,  after  an  injection  of  iodoform,  sliow  a 
general  depression  of  the  central  nervous  system  with  diminished 
reflexes.  Post-mortem  examination  in  these  cases  reveals  fatty 
degeneration  of  the  heart,  liver  and  kidneys.  Besides  these 
symptoms,  all  the  effects  of  "  iodism "  may  be  seen,  corj^za  and 
skin  eruptions,  &c. 

Iodoform  is  excreted  as  iodide  in  the  usual  way,  but  after  very 
big  doses  traces  of  iodoform  can  be  found  in  most  of  the  secretions. 
The  iodine  as  usual  is  very  slowly  eliminated  in  the  urine. 

The  disagreeable  odour  of  iodoform  has  led  to  the  introduction 
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iodopyrrol),  an  odourless  substarice  which,  like  iodoform,  is  split 
up  into  iodides  in  the  tissues ;  aristol  a  phenyl  derivative,  and 
loretin  a  quinohne  derivative,  both  of  which  contain  iodine,  and 
many  others.  The  action  of  the  latter  two  is  due  to  their  benzene 
nucleus  and  not  to  the  iodine  they  contain,  since  no  iodide  is  ex- 
creted in  the  urine  :  they  therefore  bear  no  pharmacological  resem- 
blance to  iodoform. 


MATERIA  MEDICA 
lodoformum. — CHI3.    Dose,      to  3  grs. 

Preparations 

1.  Suppositoria  lodoformi. — Iodoform,  3  grs.  ;    oil  of  theobroma, 

12  grs.  in  each. 

2.  Un'guentum  lodoformi. — Iodoform,    i  ;    yellow  paraffin  oint- 

ment, 9. 

NoN-oFFiciAL  Substitutes  for  Iodoform 

1.  Iodol. 

2.  Aristol.— (C,.H,.CH,,.C,,H^OI)_,. 

(OH 

3.  Sozoiodolates  of  K,  Na,  Hg  and  Zn. — The  acid  =  C,,H.,-  I., 

4.  Loretin  is  a  derivative  of  quinolinc. 

5.  Iodine  compounds  of  phenol-phthalein,  and  manj-  others. 

It  should  be  noted,  however,  that  iodol  is  the  only  substitute  in 
which  the  iodine  is  liberated  in  the  body.  Tlie  others  have 
an  entirely  different  action,  in  no  way  dependent  on  the 
presence  of  the  iodine. 
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BROMIDES 

These  bodies  exert  a  very  definite  pharmacological  action,  which 
is  determined  mainly  by  three  factors  : — (a)  SaU-adion,  (b)  a  specific 
effect  on  the  nerve-cells  of  the  central  nervous  system,  (c)  the  elimination 
of  free  bromine  during  the  excretion  of  the  drug  from  the  skin  and 
mucous  membranes. 

Bromides  are  soon  absorbed  from  the  stomach  and  intestines  : 
they  enter  the  blood  as  sodium  bromide,  and  rapidly  develop 
their  specific  action  on  the  central  nervous  system.  This  begins 
with  depression  of  the  psychical  functions,  the  motor  area  and 
the  medulla  and  cord,  the  latter  being  shown  by  the  diminished 
reflexes.  The  depression  does  not  show  an  evolutionary  progress 
as  after  alcohol.  There  is  none  of  the  uproariousness  of  the  drunkard 
— the  outcome  of  an  over-activity  of  lower  centres  which  have  not 
yet  succumbed  to  the  poison — but,  on  the  contrary,  all  the  cells, 
psychical,  motor  area,  medulla  and  cord,  are  affected  at  the  same 
time. 

The  psychical  condition  is  characterised  by  diminished  inteUigence, 
general  mental  apathy,  confused  thoughts  and  expressions,  so 
that  words  and  syllables  are  often  misplaced.  There  seems  to  be 
a  general  dissolution  of  associations,  giving  rise  especially  to  lapse 
of  memory.  The  action  on  the  cortex  cerebri  is  much  less  defined 
in  animals  than  in  man ;  but  the  brain  is  much  less  developed  in 
animals,  and  our  means  of  testing  it  are  very  defective. 

There  is  great  diminution  in  the  excitability  of  the  motor  area, 
and  this  is  especially  the  case  if  the  bromide  is  given  for  several 
weeks  together.  When  dogs  are  thoroughly  under  the  influence 
of  the  bromides'  it  is  almost  impossible  to  produce  epileptic  con- 
vulsions b}'  cortical  irritation. 

The  effects  on  the  medulla  and  cord  are  shown  by  a  general 
diminution  of  all  reflexes.  After  a  course  of  bromide  the  back 
of  the  throat  may  be  freely  swept  round  with  the  finger  without 
inducing  any  effort  to  swallow  or  vomit,  although  the  sensation 
of  touch  is  still  present.  Blunting  of  sensation  and  diminution  of 
reflexes  are  also  to  be  found  in  the  conjunctiva,  skin,  and  the  mucous 
membrane  o'"  the  genito-urinary  tract,  and  the  latter  is  responsible 
for  the  loss  of  sexual  feeling. 

All  these  effects  are  central,  the  result  of  a  direct  action  on  the 
nerve-cells,  and  after  large  doses  of  bromides  a  degeneration  of  the 
cortical  cells,  beginning  in  the  periphery  of  the  dendrons,  can  be 
seen  (Fig.  80).  Bromides,  therefore,  by  lowering  the  activity  of 
both  motor  and  sensory  cells,  are  invaluable  in  controlling  the 
cortical  explosions  of  epilepsy  and  in  the  treatment  of  cerebral 
excitement  of  all  kinds.  They  promote  sleep  by  rendering  the 
brain  less  sensitive  to  disturbing  influences. 

Not  infrequently,  when  the  drug  is  administered  over  a  long 
period,  a  series  of  untoward  symptoms  arise,  which  we  speak  of 
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cis  "bfomlsm."  These  consist  of  nausea  and  vomiting,  produced 
partly  by  the  salt  action  and  partly  l)y  the  liberation  of  free 
bromine  and  the  excretion  of 
hydrobromic  acid  into  the 
stomach.  An  exaggeration  of 
all  the  mental  symptoms, 
such  as  sleepiness,  mental 
dulness  and  lapse  of  memory, 
is  present.  General  muscular 
weakness  and  reduction  of 
sensibility  throughout  the 
body  causes  an  unsteady 
gait. 

Various  forms  of  skin  erup- 
tion may  ensue  ;  acne,  espe- 
cially of  the  head  and 
shoulders,  being  the  com- 
monest, and  bromine  has  been 
detected  in  the  pustule. 
These  eruptions  may  be 
sometimes  so  severe  as  to 
form  abscesses.  Erythema 
and  other  rashes  are  occa- 
sionally present. 

The  buccal,  nasal  and 
bronchial  mucous  membranes 
show  signs  of  irritation.  The 
breath  is  foetid,  the  tongue 
foul,  and  the  secretion  of  the 
nose  and  bronchioles  is  in- 
creased :  sometimes  there 
cough  and  sometimes 
junctivitis. 

Excretion  is  mainly  in  the 
urine  ;   it  begins  soon  after 
administration,  but  continues 
over   a   long   period,  often 
lasting  two  or  three  months, 
no  doubt  as  the  result  of  the 
bromine    forming  chemical 
combinations  with  the  pro- 
teids  of  the  body,  which  are 
very  slowly  destroyed.  The 
urine  is  increased  in  amount 
and,  besides  bromides,  con- 
tains a  larger  amount  of  chlo- 
rides   This^  is  due  partly  to  salt-action,  but  also  in  some  degree 
to   the  .substitution  of   bromine  for  chlorine.    Small  quantities 
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FiG.  80.— Pyramidal  Cell  of  a  Dor, 
WHICH  WAS  Killed  when  under  the 
Infuence  of  Bromide. 

The  cell-body  has  lost  its  affinitv  for  .ninlino 
<  yes,  and  the  moiiiliform  swclliiiKs  of  the  deii- 
drons  are  well  seen.  Similar  changes  are  in- 
duced by  the  amesthetics.  The  changes  are 
transitory  and  disappear  with  recovery 
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of  bromide  are  also  excreted  by  the  skin,  saliva,  bronchial  mucus 
and  feces. 

MATERIA  MEDICA 

1.  Potassii  Bromidum.    Dose,  5  to  30  grs. 

2.  Sodii  Bromidum.    Dose,  5  to  30  grs. 

3.  Ammonii  Bromidum.    Dose,  5  to  30  grs. 

4.  Acidum  Hydrobromicum  Dilutum.^ — 10  per  cent,  solution,  HBr,  in 
water.    Dose,  15  to  60  m. 

CHLORINE  AND  BROMINE 

Chlorine  and  bromine  have  a  similar  action,  but  bromine  is  the 
more  poisonous,  because  it  is  both  volatile  and  fluid.  They  are 
very  powerful  disinfectants  and  deodorisers,  and  act  through 
oxidation  in  the  presence  of  water  by  virtue  of  their  great  affinity 
for  hydrogen,  thus  : — 

2CI,  +  2H,0  =  4HCI  +  O^. 
Their  action  may  in  part  be  explained  by  their  replacing  hydrogen 
in  its  combination  with  the  proteids. 

Chlorine  is  used  as  chlorinated  hme  to  disinfect  faeces,  urinals 
and  drains.  It  is  employed  also  to  disinfect  rooms  after  they 
have  been  occupied  by  patients  suffering  from  infectious  disease  : 
for  this  purpose  plenty  of  moisture  should  be  present  in  the  atmo- 
sphere. Disinfection  by  this  body  has  the  disadvantages  that 
colouring-matters  are  bleached  and  that  clothing  and  metallic 
work  are  sometimes  corroded. 

Chlorine  water  is  very  irritant  to  the  skin  ;  it  produces  redness 
and  often  painful  blistering.  Electrozone  owes  its  antiseptic 
properties  to  chlorine  ;  it  is  prepared  by  the  electrolysis  of  sea 
water,  whereby  hypochlorites  are  liberated.  The  inhalation  of  air 
containing  chlorine  causes  irritation  of  the  eyes,  nose,  larjaix 
and  respiratory  passages.  Irritation  of  the  fifth  nerve  may  induce 
reflex  effects— closure  of  the  glottis,  cardiac  inhibition  and  con- 
striction of  the  bronchioles— all  of  which  are  protective,  saving 
the  animal  from  irritant  particles  or  vapours  entering  with  the 
air  during  respiration. 

Chlorine  is  used  as  a  gargle  and  mouth  wash  :  for  this  purpose 
the  mixture  of  chlorine  and  its  oxides,  which  is  liberated  by  the 
action  of  hydrochloric  acid  on  potassium  chlorate,  is  preferable 
to  pure  chlorine. 

MATERIA  MEDICA 

1.  Calx  Chlorinata.— (CaCl,0.,,CaCl,.).  Bleaching-powder. 

PREP.A.RAT10N 

Liquor  Calcis  Chlorinatae.— i  of  chlorinated  lime  shaken  up  with 
10  of  water.    It  yields  3  per  cent,  of  chlorine. 

2.  Liquor  Sodae  Chlorinatae. — (NaCl,NaC10.). 
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FLUORIDES 

Fluorides  have  an  extremely  powerful  local  irritant  action. 
Taken  by  the  mouth  they  are  absorbed  in  the  merest  traces  only ; 
they  give  rise  to  nausea  and  vomiting,  and  in  large  amounts  entirely 
destroy  the  mucous  membrane  of  the  gut.  If  they  are  applied  to 
the  conjunctiva  they  produce  violent  congestion,  destroy  the 
superficial  cells  of  the  cornea  and  produce  opacities.  Fluorides 
are  general  protoplasmic  jioisons  and  are  powerful  antiseptics,  a 
0.5  per  cent,  solution  destroying  most  bacteria.  When  they  are 
administered  to  animals  in  small  amounts  and  over  a  long  period, 
the  bones  become  harder  and  more  brittle  than  normal,  and  crystals 
of  CaF^  can  be  detected  in  them  after  death. 

The  injection  of  fluorides  into  the  circulation  of  mammals  causes 
convulsions  of  central  origin  :  they  are  generally  preceded  by 
fibrillary  tremors  of  the  muscles,  and  followed  by  paralysis,  coma 
and  death.  The  blood  is  prevented  from  clotting  by  the  fixation 
of  its  calcium  as  calcium  fluoride. 

It  has  been  suggested  that  the  systemic  action  of  the  fluorides 
IS  produced  in  the  same  way  as  that  of  oxalic  acid,  to  which  it  shows 
a  marked  resemblance,  that  is,  by  the  formation  of  insoluble  calcium 
salts.    Fluorides  are  not  used  in  therapeutics. 
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PHOSPHORUS,  ARSENIC,  ANTIMONY 
PHOSPHORUS 

Phosphorus  is  an  element  usually  obtained  from  the  calcium  phos- 
phate (Ca3P,0g)  of  bone  ash.  It  is  an  amorphous  body  and  occurs 
in  both  yellow  and  red  varieties.  The  former  is  much  more  volatile 
and  soluble  than  the  latter,  and,  as  a  consequence,  it  is  easily 
absorbed  from  the  alimentary  canal.  Red  phosphorus,  on  the 
other  hand,  owing  to  this  difficulty  of  absorption,  is  almost  non- 
poisonous  when  taken  by  the  mouth.  The  two  varieties  are  equally 
toxic  if  injected  under  the  skin. 

The  extensive  use  of  phosphorus,  both  in  the  manufacture  of 
matches  and  as  a  rat  poison,  is  well  known. 

External  Actioir.— In  match  factories  the  employees  are 
sometimes  subjected  to  the  fumes  of  phosphorus.  Here  the  direct 
local  action  of  the  drug  upon  the  tissues  exposed  to  the  vapour 
can  be  observed.  A  common  feature  of  such  inhalation  is  irritation 
of  the  mucous  membrane  of  the  bronchioles,  leading  to  catarrh. 
A  more  characteristic  effect  is  necrosis  of  the  lower  jaw.  This 
seems  to  be  induced  onlv  when  the  periosteum  is  laid  bare,  such 
as  occurs  after  the  extraction  of  a  tooth.  Being  thus  exposed  to 
the  direct  action  of  the  fumes,  the  vitality  of  the  periosteum  becomes 
enfeebled,  and  so  a  nidus  is  produced  suitable  for  the  growth 
of  organisms  like  the  pyogenic  cocci,  and  especially  the  tubercle 
bacillus.  Thus,  a  tuberculous  periostitis  is  induced,  and  m  the 
later  stages  of  "  phossy  jaw  "  the  features  of  a  tuberculous  osteitis 
are  present.  This  condition  is  more  prevalent  amongst  those 
workers  who  are  suffering  from  phthisis.  In  animals  necrosis  of 
the  bone  was  never  obtained  by  merely  mixing  phosphorus  with 

their  food.  .    ■  „ 

Absorption.— The  yellow  variety  is  absorbed  prmcipally  from 
the  small  intestine  and  circulates  in  the  blood  as  phosphorus. 
Red  phosphorus,  we  have  already  noted,  is  not  absorbed  on  account 
of  its  physical  properties.  As  the  element  is  soluble  in  oily  sub- 
stances its  absorption  is  considerably  favoured  by  the  presence 
of  the  oils  and  fats  in  the  intestine,  and  it  is  also  aided  by  the 
alkalinity  of  the  duodenum.  A  small  amount  is  converted  into 
the  gas  PHg.  When  viewed  in  the  dark,  tlie  fasces  of  those  takmg 
the  drug  are  phosphorescent. 
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Alimentary  Canal. — Phosphorus  is  an  irritant  to  the  gastro- 
intestinal canal.  Large  doses  produce  flatulence,  dyspepsia, 
vonaiting  and  colicky  pains  very  quickly  after  administration. 
These  effects  are  due  to  the  direct  irritant  action  of  the  drug  on 
the  mucous  membrane,  and  must  not  be  confounded  with  the 
alimentary  symptoms  which  occur  later  in  the  history  of  the  case, 
i.e.,  two  or  three  days  after  the  drug  has  been  absorbed. 

On  the  cytoplasm  of  the  tissue-cells  phosphorus  exerts  a  pro- 
found influence,  the  results  of  which  may  be  tabulated  as  follows  : — 

(1)  Deficient  oxidation. 

(2)  Cloudy  swelling,  followed  by  shrinkage  of  the  cytoplasm  of 
the  cells  throughout  the  body. 

(3)  An  increased  breakdown  of  proteid,  shown  by  the  augmented 
excretion  of  nitrogen,  sulphates  and  phosphates  in  the  urine. 

(4)  Dimimition  of  glycogen  in  the  tissues  and  an  increased  pro- 
duction of  sarcolactic  acid. 

(5)  The  appearance  of  fat  in  the  shrunken  cells. 

Metabolism. — During  phosphorus  poisoning  in  animals,  the 
respiratory  interchange  (oxygen  absorbed  and  carbonic  acid  elimi- 
nated) is  diminished  ;  there  is,  however,  some  difference  of  opinion 
as  to  the  reason  of  this.  Some  consider  the  altered  gaseous  ex- 
change to  be  the  direct  cause  of  the  deficient  oxidation  of  the  kata- 
bohtes,  while  others  regard  it  as  a  secondary  effect,  only  occurring 
at  a  late  stage  in  the  poisoning. 

The  immediate  cause  of  the  diminished  oxygen  intake  must  be 
left  undecided  for  the  present. 

In  general  starvation,  the  body  breaks  up  its  own  tissue  to 
supply  its  immediate  wants,  and  the  same  effect  is  seen  in  all  forms 
of  deficient  nutrition.  In  phosphorus  poisoning  the  increased 
excretion  of  nitrogen,  and  of  sulphates  and  phosphates  must  be 
due  to  increased  proteid  breakdown,  and  be  correlated  with  the 
shrinkage  of  the  cytoplasm  of  the  cells,  seen  histologically.  The 
output  of  urea  may  be  increased  or  slightly  diminished,  but  the 
increase,  when  present,  is  not  at  all  proportional  to  the  great  in- 
crease of  the  nitrogen  eliminated,  which  is  often  two  or  three  times 
that  of  the  normal.  The  ammonia  excretion  is  greatly  augmented. 
In  the  chapter  dealing  with  acids  it  has  been  explained  how,  in 
man  and  the  carnivora  generally,  any  diminution  in  the  alkalinity 
of  the  blood  is  met  by  an  increase  in  the  ammonia  supplied  by 
the  tissues.  Ammonium  salts  of  the  acid  are  produced,  and  the 
urea  excretion  may  be  diminished.  The  herbivora  do  not  possess 
a  like  elasticity  :  in  their  case  the  fixed  alkalies  are  used  up  to 
neutralise  the  acid,  and  since  these  alkalies  are  employed  in 
the  elimination  of  carbonic  acid,  death  may  ensue  from  carbonic 
acid  narcosis.  During  ]:)hosphorus  poisoning  the  ammonia  of  the 
urine  is  greatly  increased  in  man  and  clog,  but  not  in  the  rabbit  : 
the  administratiori  of  axed  alkalies,  such  as  sodium  carbonate, 
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to  the  former  leads  to  a  diminution  of  this  excessive  ammonia 
formation  The  augmented  nitrogenous  ehmination  after  phos- 
phorus therefore,  appears  to  be  due  to  an  increased  acidity  of  the 
blood  '  Lactic  acid  is  the  one  present  in  great  excess.  Accordingly, 
the  increased  proteid  breakdown  would  seem  to  be  a  secondary 
effect  due  to  lactic  acid,  a  body  which  is  apt  to  appear  in  any  con- 
dition of  imperfect  oxidation. 

This  acid  is  probably  at  first  derived  from  the  incomplete  com- 
bustion of  the  glycogen  in  the  tissues,  and,  after  this  has  been  used 
up  from  the  tissue  proteids  themselves.  Sarcolactic  acid  occurs 
as  salts  in  the  blood,  and  is  excreted  in  the  urine.  .\  trace  is  said 
to  be  excreted  from  the  stomach  along  with  hydrochloric  acid. 
It  is  generally  assumed  that  the  whole  of  the  increased  proteid 
breakdown  is  due  to  the  presence  of  lactic  acid ;  but  it  should  not 
be  forgotten  that  deficient  oxidation  alone,  increases  tissue  waste. 

The  other  nitrogenous  bodies  in  the  urine  are  but  little  affected  ; 
the  elimination  of  uric  acid  is  not  altered  ;  there  is  some  increase 
of  extractive  substances,  and  there  is  also  generaUy  a  smaU  amount 
of  certain  other  incompletely  oxidised  forms  of  nitrogen,  such  as 
leucin,  tyrosin  and  other  aromatic  bodies. 

On  the  whole,  then,  the  attention  is  drawn  away  from  the  nitro- 
genous breakdown,  which  appears  to  be  secondary,  and  is  centred 
about  an  abnormal  oxidation  of  carbon  compounds.  There  is 
the  deficient  carbonic  acid  elimination,  the  disappearance  of  gly- 
cogen, the  excessive  production  of  lactic  acid,  and,  lastly,  the 
deposition  of  fat  in  the  cells.  ,  .      ,  , 

The  mechanism  by  which  phosphorus  leads  to  this  abnormal 
carbohydrate  metabohsm  is  unknown;  but  the  followmg  is  a 
simple  way  of  connecting  the  facts  : —  r  i,  ^ 

It  may  be  supposed  that  in  the  normal  katabohsm  of  the  proteid 
molecule  a  nitrogenous  portion  is  oxidised  and  excreted  in  the  urme 
as  urea  while  a  non-nitrogenous  portion  is  burnt  off  as  carbonic 
acid  and  water.  It  is  this  latter  oxidation  which  is  affected  m 
phosphorus  poisoning.  As  a  consequence,  there  is  a  deficiency  in 
the  formation  of  carbonic  acid,  and  in  its  place  an  accumiilation  of 
fat  appears  in  the  cell,  and  such  incompletely  oxidised  bodies  as 
lactic  acid  are  produced. 

Certain  syntheses  performed  by  the  cell  are  influenced  by  phos- 
phorus. For  example,  when  benzoic  acid  is  perfused  through  the 
isolated  kidney,  the  synthesis  to  hippuric  acid  is  affected  by  the 
cells  ;  this  process  is  inhibited  by  the  previous  administration  of 

phosphorus.  .  j  u  i 

Fatty  Changes.— Whenever  a  drug  causes  an  augmented  break- 
down of  proteid,  fatty  changes  are  apt  to  occur  in  the  tissues. 
Such  changes  are  induced  after  the  administration  of  arsenic, 
antimony,  phosphorus,  benzol,  alcohol  and  the  volatile  oils.  More- 
over, it  is  found  that  there  is  deficient  oxidation  in  association  \vith 
these  abnormal  fatty  changes. 
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The  fatty  change  takes  place  in  almost  all  tissues,  and  can  be 
demonstrated  in  muscle  (striped,  plain  and  cardiac),  intestinal 
epithelium,  kidney  and  liver-cells.  As  the  liver  shows  the  change 
to  a  greater  extent  than  other  parts,  it  may  be  taken  as  the  type  for 
further  consideration.  In  the  early  stages  of  chronic  phosphorus 
poisoning  it  is  usually  enlarged  and  oily,  and  resembles  the  liver 
with  fatty  infiltration,  which  occurs  after  a  period  of  acute  alcoholism, 
or  the  liver  which  obtains  in  phthisis  with  general  emaciation! 
The  hepatic  glycogen  is  diminished  or  absent ;  but  this  is  more  than 
balanced  by  the  fact  that  the  organ  contains  three  or  four  times 
the  normal  amount  of  fat.  The  secretion  of  bile  is  at  first  increased, 
but  as  the  liver-ceUs  become  distended  with  fat,  and  the  canaliculi 
thereby  compressed,  jaundice  sets  in. 

Much  controversy  has  taken  place  as  to  whether  the  changes  are 
to  be  regarded  as  a  true  degeneration  of  the  material  of  the  cell, 
that  is  to  say,  the  fat  is  manufactured  on  the  spot  in  the  liver-cells! 
and  is  associated  with  the  increased  proteid  breakdown  (Voit)  • 
or  whether  the  fat  is  simply  transported  to  the  liver-cells  from 
other  parts  of  the  body,  and  should  be  regarded  as  an  index  rather 
than  the  result  of  the  cellular  degeneration  (Pfliiger). 

Histological  evidence  is  of.  very  Httle  use  in  deciding  the  relative 
value  of  these  two  views.  The  cells  always  exhibit  at  first  cloudy 
sweUmg,  which  is  followed  later  by  deposition  of  fat,  proliferation 
of  interstitial  connective  tissue  and  diminution  of  the  protoplasm 
of  the  cell.  Although  the  organ  is  at  first  enlarged  and  oily  in 
appearance,  it  becomes  shrunken  later  both  from  the  diminution 
of  the  cell  protoplasm  and  from  the  contraction  of  the  connective 
tissue. 

The  fat  cannot  be  that  of  the  food,  since  phosphorus  causes  an 
mcreased  amount  of  fat  m  the  body  even  in  starved  animals.  Nor 
can  It  be  formed  from  glycogen,  since  aU  such  reserves  are  used  up 
very  early  in  starvation. 

Those  in  favour  of  the  former  of  the  two  views  mentioned  above, 
state  that  if  a  dog  is  starved  until  its  tissues  contain  no  fat,  and  if 
at  this  stage  phosphorus  is  administered,  the  intake  of  oxygen  and 
output  of  carbonic  acid  are  diminished,  while  the  output  of  nitrogen 
m  the  urine  is  much  increased  and  fat  appears  in  the  cells.  If  this 
be  true  the  fat  must  arise  from  proteid  breakdown,  although  it 
maybe  either  carried  to  the  liver,  being  derived  from  the  circulating 
jiroteid  of  the  body ;  or  it  may  be  formed  in  situ  from  the  degenera- 
tion of  the  cell -protoplasm  itself.  Further,  if  dogs  are  fed  with 
a  liberal  supply  of  meat  and  a  minimum  of  fat  all  this  nitrogen 
is  excreted  as  urea,  but  some  of  the  carbon  is  retained.  It  is  sug- 
gested that  in  phosphorus  poisoning  the  proteid  likewise  splits  up 
mto  a  nitrogenous  portion,  which  is  oxidised  and  excreted  in  the 
urine,  and  into  a  non-nitrogenous  portion,  which  is  deposited  in  the 
tissues  as  fat. 

Pfluger  and  others  wlio  adopt  the  second  hypothesis  do  not 
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regard  these  observations  as  conclusive.  They  produce  experiments 
to  show  that  phosphorus  does  not  increase  the  total  fat  present 
in  the  body,  and  also  to  show  that  fat  may  be  transferred  to  the 
diseased  cells.  If  a  dog  is  starved  till  most  of  its  fat  has  disappeared, 
and  is  then  fed  upon  mutton  suet  and  later  poisoned  with  phos- 
phorus,  the  usual  fatty  changes  occur  in  the  liver-cells,  but  this 
fat  is  not  dog's  fat,  such  as  would  be  formed  by  the  breakdown 
of  the  liver-cells,  but  is  identical  with  mutton  fat.  In  other  words, 
the  fat  in  the  cells  has  been  carried  there  from  elsewhere. 

According  to  this  hypothesis,  there  is  a  general  i^roteid  shrinkage 
in  the  body  with  a  concomitant  general  liberation  of  fat,  and  much 
of  this  is  transported  to  the  liver  and  deposited  there.  The  fat 
which  occurs  in  any  particular  cell  is  thus  an  index  of  the  extent  of 
its  degeneration  ;  the  fat  is  not  necessarily  the  result  of  this  degenera- 
tion as  it  may  be  formed  elsewhere  and  deposited  here. 

A  final  decision  between  these  conflicting  views  is  at  present 
impossible  in  the  absence  of  sufficient  experimental  data. 

Fatty  "degeneration"  is  directly  responsible  for  other  symptoms 
in  phosphorus  poisoning.  The  epithelial  cells  of  the  stomach  and 
intestines  become  swollen  and  cloudy,  and  later  distinct  droplets 
of  fat  appear  in  them.  These  changes  explain  the  abdominal 
pain  and  vomiting,  symptoms  which  are  such  common  features 
in  the  secondary  stage  of  the  intoxication. 

This  fatty  "  degeneration  "  appears  in  all  forms  of  muscular  tissue  : 
in  striped  muscle  it  causes  muscular  weakness  and  general  debihty. 
In  cardiac  muscle  the  change  is  quite  decided  and  will  be  referred 
to  later.  Capillary  haemorrhages  are  not  an  uncommon  feature 
in  the  second  stage  of  phosphorus  poisoning,  and  they  appear 
to  be  due  to  degeneration  of  the  intima  of  the  vessels. 

In  the  renal  cells  the  change  is  indicated  by  the  presence  of 
albumen  in  the  urine,  sometimes  with  fatty  casts  and  in  severe 
cases  fatty  globules  are  seen. 

Bones — Phosphorus  is  generally  regarded  as  having  a  specific 
action  on  the  bones  whether  formed  in  cartilage  or  deposited  from 
the  periosteum.  If  given  to  young  growing  animals  the  bones 
become  denser  than  usual,  and  fresh  tissue,  which  would  be  can- 
cellous in  the  nornial  state,  becomes  compact,  although  the  cancellous 
tissue  which  has  been  already  formed,  remains  unchanged.  In 
all  parts  where  spongy  osseous  tissue  would  normally  be  formed, 
the  exhibition  of  phosphoi-us  induces  a  hard,  firm  and  uniform 
deposit  of  bone  closely  resembling  that  on  the  surface  of  the  long 
bones.  Fig.  8i  represents  a  section  of  the  humerus  of  a  calf  which 
had  been  taking  small  doses  of  phosphorus  for  eight  weeks.  It 
shows  very  clearly  the  layer  of  dense  bone  at  the  growing-point. 
If  the  administration  of  phos]ihorus  be  continued  long  enough,  the 
cancellous  tissue,  which  was  formed  previously  to  the  administi'ation 
of  the  drug,  after  a  time  becomes  absorbed,  and  so  one  large  medullary 
cavity  is  left.    The  flat  bones  deposited  from  the  periosteum 
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undergo  a  somewhat  similar  change  :  they  become  thicker  and 
denser,  and  the  Haversian  canals  are  in  consequence  diminished 
in  diameter.  All  these  changes  in  the  bone  are  much  more  clearly 
seen  in  young  than  in  adult  animals. 

If  phosphorus  is  given  to  animals  which  have  been  previously 
starved  of  lime  salts,  like  changes  are  brought  about,  except  that 
the  bone  is  now  very  deficient  in  calcium. 

These  facts  suggest  the  therapeutic  use  of  phosphorus  in  cases  of 
bone  fracture.  It  has  been  shown  that  if  one  of  the  limbs  of  an 
animal  is  fractured,  the  administration  of  phosphorus  induces 
the  injured  periosteum  to  develop  more  and  denser  bone  ;  and 
the  callus,  which  is  formed  at  the  seat  of  fracture,  becomes  harder  ^ 
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After  treatment  with  phosphorus 
for  eight  week?. 


Fig.  81. — Section  of  the  Humerus  of  a  Calf. 

A~  cartilage  of  the  upper  epiphysis.    B  =  cancellous  tissue.    C  =  compact  bone 
u  —  aense  mass  of  compact  bone  at  the  growing  point  (Wegner). 

than  usual  and  has  an  ivory-like  appearance.  Speaking  generally, 
this  drug  should  be  employed  whenever  it  is  de.sired  to  excite  the 
activity  of  the  bone-forming  tissues.  Phosphorus  has  also  been 
employed  m  the  treatment  of  rickets  and  osteomalacia.  It  has 
been  suggested  that  changes  in  the  bone-marrow  bring  about  these 
alterations  in  the  bone.  These  changes  closely  resemble  those 
produced  by  arsenic,  and  consist  in  a  marked,  congestion  and  an 
increase  in  the  number  of  the  leucoblastic  cells. 

Moderate  doses  of  phosphorus  do  not  influence  the  number  of 
the  red  corpuscles  in  the  blood,  but  large  doses  lead  to  an  excessive 
destruction  of  them,  and  it  is  possible  that  this  setting  free  of 
pigment  may  account  for  the  initial  cholagogue  effect  in  ca.ses  of 
poisoning. 

Heart.— Small  doses  of  phosphorus  exert  no  action  on  the  heart  and 
even  in  poisonous  doses  it    doubtful  whether  any  effect  is  produced 


A  MANUAL  OF  PHARMACOLOGY 


until  the  third  or  fourth  day,  when  degeneration  of  the  cardiac 
muscle  occurs  accompanied  by  the  deposition  of  fat.  It  is  said 
that  very  large  doses  of  phosphorus  exert  a  specific  action  on  the 
heart -muscle  immediately  after  absorption,  resulting  in  direct 
depression  of  the  muscle  and  death  from  cardiac  failure. 

Excretion. — Phosphorus  is  oxidised  in  the  body  and  excreted 
in  the  urine  mainly  as  phosphates.  Traces  of  phosphorus  are 
excreted  by  the  lungs. 

Toxicology. — A  large  dose  of  phosphorus  immediately  gives 
rise  to  certain  acute*  symptoms  :  they  are  burning  in  the  mouth, 
throat  and  stomach,  followed  by  vomiting.  Diarrhoea  and  colicky 
pains  are  occasionally  present.  These  acute  symptoms  subside 
and  the  patient  then  appears  to  recover,  except  that  there  is, 
perhaps,  a  feeble  pulse  and  some  obscure  pain.  After  two  to  five 
days  the  symptoms  recur,  the  patient  becomes  dull  and  sleepless, 
coinplams  of  headache,  and  shows  signs  of  jaundice.  The  hver 
is  now  enlarged  and  tender.  The  urine  is  dark  and  contains  an 
excess  of  ammonia,  some  lactic  acid,  bile,  albumen,  and  generally 
some  leucin  and  tyi'osin.  The  pulse  is  feeble  and  rapid.  Some- 
times the  patient  becomes  dehrious  and  passes  into  the  typhoid  state. 
Death  ensues  in  about  a  week,  although  sometimes  it  may  occur, 
much  earlier  and  quite  suddenly,  from  cardiac  failure.  In  some  cases 
twitchings,  cramps  and  convulsions  are  marked,  and  the  fatal 
termination  is  preceded  by  somnolence  and  coma.  In  others, 
haemorrhages  occur  from  the  skin,  mucous  membranes  and  other 
parts  of  the  body ;  and  the  vomit  and  fsces  contain  blood.  Post- 
mortem the  fatty  change  can  be  detected  in  the  liver,  kidneys, 
gastric  mucous  membrane  and  cardiac  muscle. 

Poisoning  by  phosphorus  can  be  readily  recognised  by  the  smell 
of  garlic  in  the  breath,  by  the  phosphorescence  of  the  vomit  and 
faices,  which  is  best  seen  in  the  dark,  and  by  the  enlargement  of 
the  liver  and  the  characteristic  urine. 

Treatment  should  first  of  all  consist  in  emptying  the  stomach. 
This  may  be  done  by  washing  out  with  a  0.2  per  cent,  solution  of 
potassium  permanganate,  as  this  converts  the  phosphorus  into 
phosphoric  acid  and  so  renders  it  inactive.  If  the  patient  is  seen 
early,  emetics  may  be  given  ;  copper  sulphate  is  the  best,  and 
3  grs.  may  be  administered  in  water  every  five  minutes  until  vomiting 
is  produced.  Copper  sulphate  has  a  further  advantage  in  that  an 
insoluble  copper  phosphide  is  formed,  and  it  may  be  that  some  of 
the  metal  is  even  precipitated  upon  the  phosphorus  globules, 
so  retarding  their  absorption.  Turpentine  is  used  as  an  antidote 
in  doses  varying  from  10  to  20  m.,  frequently  repeated.  This 
forms  with  phosphorus  a  solid  body,  terebinthino-phosphoric  acid, 
which  is  non-poisonous.  Mucilaginous  drinks  and  alkalies  may 
also  be  employed  to  neutralise  the  lactic  acid.  No  oils  or  fats 
must  be  given,  as  they  would  aid  absorption  by  dissolving  the 
phosphorus. 
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In  occupations  in  which  phosphorus  is  used,  preventive  measures 
must  be  employed.  Red  phosphorus  should  be  used  whenever 
possible.  Respirators  are  of  some  benefit,  and  the  atmosphere 
may  be  impregnated  with  turpentine. 

MATERIA  MEDICA 

Phosphorus.  Dose,  jj-g-  to  -^^j  gr.,  best  given  in  a  pill  made  up  with 
kaolin,  or  in  solution. 

Preparations 

1.  Oleum  Phosphoratum. — i  per  cent,  solution  in  almond  oil. 

Dose,  I  to  5  m; 

2.  Pilula  Phosphori. — Containing  2  per  cent,  of  phosphorus. 

Dose,  I  to  2  grs. 

ARSENIC 

Arsenic  has  an  action  in  many  ways  resembling  that  of  phos- 
phoras.  The  metal  is  itself  inactive  :  the  pharmacological  pro- 
perties of  "arsenic"  are  typically  possessed  by  the  negative  ion 
ASU3'"  of  arsenious  acid  (HgAsOg).  Arsenious  oxide  (Asp^) 
is  a  powerful  poison,  which  is  but  sparingly  soluble  in  cold  water  ; 
it  is,  however,  readily  converted  by  potash  or  soda  into  the  more 
soluble  arsenites.  These  possess  the  characteristic  arsenical  action, 
due  to  the  arsenic  ion  formed  by  dissociation.  Arsenic  oxide 
and  the  corresponding  salts  are  also  poisonous. 

The  organic  preparations  of  arsenic  in  which  the  element  is 
directly  combined  with  the  carbon  atom,  are  relatively  inactive. 

Thus,  cacodylic   acid  (^HO.O.As  q^^^  which  is  a  stable  body, 

was  for  long  considered  quite  inactive.  There  is  no  doubt  that  it 
possesses  some  slight  toxic  effect,  quite  out  of  proportion  to  the 
amount  of  arsenic  present.  It  is  probable  that  the  poisonous 
action  in  this  case  arises  after  decomposition  in  the  tissues,  the 
odour  of  cacodyl  As(CH3)2  being  distinctly  evident.  The  ultimate 
change  may  be  as  follows  : — 

(CH.,),As.O.OH  +  2H,0  =  H3ASO,,  +  2CH,. 
Similarly,  the  phenyl  derivatives,  although  they  do  not  contain 
the  arsenic  ion,  are  yet  toxic  in  the  body,  since  arsenic  acid  and 
benzene  are  formed. 

^«JJsAs.O.OH  +  2H,0  =  2C„H,,  +  H3ASO,. 

Diphpnyl  arsenir.  acid.  Benzene.     Arsenic  acid. 

Action 


External.— Arsenic,  although  an  antise])tic,  is  much  too  poi- 
sonous to  be  employed  for  this  purpose  :  it  is  used,  however,  in 
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the  dissecting-room  to  retard  post-mortem  decay.  Most  I'ermen- 
tations  are  but  little  influenced  by  its  presence.  Arsenic  is  not 
absorbed  from  the  unbroken  skin,  but  in  workers  with  the  metal 
it  may  collect  in  the  crevices  about  the  scrotum,  gradually  become 
dissolved  in  the  secretions  and  set  up  ulceration.  Strong  arsenical 
pastes  were  at  one  time  employed  to  dress  cancerous  ulcers  :  they 
resulted  in  a  dry  gangrene,  which  ultimately  separated  as  a  slough. 
Poisoning  occurred  in  a  number  of  these  cases. 

Alimentary  Canal. — Small  doses  of  arsenic  to  gr.)  are 
said  to  increase  the  appetite  and  to  promote  digestion.  In  larger 
doses  it  is  irritant  to  the  whole  gastro-intestinal  canal.  -^^  to  |  gr. 
produces  gastric  pain,  nausea,  flatulence,  vomiting  and  diarrhoea. 
After  2  or  3  grs.  all  the  ahmentary  symptoms  are  intensified,  typical 
rice-water  stools  appear,  and  ultimately  collapse  and  death  ;  the 
condition  closely  resembles  that  of  cholera.  Post-mortem  the 
mucous  membrane  of  the  stomach  and  intestine  is  red  and  swollen 
either  in  patches  or  uniformly  distributed  throughout ;  not  un- 
commonly small  haemorrhages  are  also  present.  In  some  cases 
the  stomach  may  be  almost  normal,  but  scattered  red  patches  are 
generally  to  be  found.  Microscopical  examination  shows  that  in 
these  patches  the  epithelial  cells  are  frequently  absent,  they  are 
easily  rubbed  away,  and  exhibit  under  the  microscope  the  changes 
of  cloudy  sweUing  and,  later,  fatty  degeneration  :  the  interstitial 
tissue  is  filled  with  granular  cells.  The  intestines  contain  a  watery 
fluid  mixed  with  the  epitheUal  flakes.  These  changes  are  also  pro- 
duced when  arsenic  is  injected  under  the  skin. 

In  a  general  way  these  effects  bear  certain  resemblances  to  those 
of  the  corrosive  poisons,  but,  unlike  them,  the  compounds  of  arsenic 
form  no  combination  with  proteids  analogous  to  the  albuminates 
of  the  heavy  metals.  Further,  the  action  cannot  be  strictly  local, 
since  injections  of  arsenic  induce  the  same  result  in  the  ahmentary 
canal  whilst  producing  little  effect  at  the  seat  of  injection  :  it  is, 
however,  necessary  to  give  sUghtly  larger  doses  subcutaneously  to 
produce  this  action.  A  small  proportion  of  the  arsenic  is  excreted 
again  into  the  intestines.  Furthermore,  corrosive  poisons  produce 
their  effect  immediately,  while  arsenic  requires  a  definite  latent 
period  before  its  action  becomes  apparent.  The  action  on  the 
alimentary  canal  is  not,  therefore,  a  local  corrosive  effect  but  a 
specific  one,  only  produced  after  the  absorption  of  the  drug  by  the 
cells.  The  epithelium  of  the  intestines  degenerates  and  shows 
fatty  changes,  the  vessels  become  widely  dilated,  and  exudation 
into  the  connective  tissue  follows ;  this  raises  up  the  epithelium 
which  is  thrown  off  in  shreds,  and  the  fluid  is  poured  out  into  the 
lumen  of  the  intestines.  The  prolonged  gastro-enteritis  leads  to 
exhaustion  and  death. 

Metabolism. — Arsenic  is  used  in  therapeutics  principally  on 
account  of  its  effect  upon  nutrition,  which  in  certain  abnormal 
conditions  is  considerably  improved  and  fat  is  laid  on.    It  is  difii- 


ARSENIC  365 

cult  to  say  how  it  brings  about  this  effect,  but  it  has  been  suggested 
that  the  cause  may  be  its  action  on  tlae  alimentary  canal,  whereby 
appetite  and  digestion  are  improved.  But  arsenic  has  an  action 
on  the  tissues  very  similar  in  kind  to  that  of  i)hosphorus  but  much 
less  acute,  and  it  would  seem  more  probable  that  the  improvement 
in  the  nutrition  is  due  to  these  effects.  These  changes  have  been 
already  tabulated  under  phosphorus,  they  consist  of  :— 

(1)  Increased  proteid  breakdown,  as  shown  by  the  augmented 
excretion  of  nitrogen  (especially  ammonia),  sulphates  and  phos- 
phates in  the  urine. 

(2)  Diminution  of  glycogen  in  the  tissues,  with  an  increase  of 
lactic  acid  and  a  corresponding  diminution  in  the  alkalinity  of  the 
blood. 

(3)  Fatty  change  affecting  the  hver,  kidneys,  heart  and  muscles 
generally. 

These  changes  are  supposed  to  resiUt  from  diminished  oxidation 
of  the  tissues  induced  by  the  direct  action  of  the  drug  on  the  cyto- 
plasm of  the  .cells.  Binz  explains  the  action  of  arsenic  by  supposing 
that  the  arsenious  acid  is  oxidised  in  the  tissues  to  arsenic  acid, 
and  that  arsenic  acid  may  be  converted  again  into  arsenious,  so 
that  arsenic  is  employed  by  the  body  as  an  oxygen-carrier.  This 
very  speculative  hypothesis  cannot  be  considered  in  harmony  with  • 
the  evidence. 

Upon  the  growth  of  young  animals  the  influence  of  arsenic 
resembles  that  of  phosphorus  :  growth  is  more  rapid,  the  animals 
attam  a  larger  size,  and  the  bone-forming  tissues  appear  to  have 
greater  activity. 

After  the  absorption  of  the  drug  for  some  weeks  the  long  bones 
present  the  appearance  described  under  phosphorus,  the  cancellous 
bone  bemg  replaced  by  compact  tissue. 

If  small  doses  of  arsenic  are  administered  to  animals  the  red 
bone-marrow  becomes  hyperjemic,  the  fat  cells  disappear,  and 
there  is  a  decided  increase  in  the  number  of  leucoblastic  cells  (Fig. 
82).  It  is  generally  assumed  that  arsenic  increases  the  formation 
of  red  blood-corpuscles  since  it  acts  beneficially  in  pernicious 
anaemia,  a  disease  in  which  these  corpuscles  are  very  deficient 
owing  to  excessive  destruction  ;  this  assumption  obtains  no  support 
from  experiment,  since  the  erythroblasts  of  the  bone-marrow 
are  not  increased.  The  rapid  growth  of  the  bones  may  be  secondary 
to  the  increased  vascularity  of  the  marrow. 

When  the  administration  of  arsenic  is  pushed  severe  anaemia 
often  results,  which  is  coincident  with  the  ultimate  degeneration 
of  the  bone-marrow.  Now,  arsenic  produces  a  very  beneficial  effect 
in  pernicious  antemia,  and,  as  it  does  not  act  by  stimulating  the 
marrow  to  form  fresh  cells,  Stockman  has  suggested  that  it  may 
have  a  specific  effect  on  some  parasite. 

Nervous    System.— Arsenic   has  no  important  action  on  the 
central  nervous  system.    It  is  true  that  wlicn  administered  to  frogs. 
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it  produces  paralysis  of  the  brain  and  cord,  but  in  mammals  death 


occurs  from  collapse,  induced  by  the  gastro-enteritis,  long  before 
any  such  effect  is  patent. 

Under  certain  conditions  it  gives  rise  to  a  peripheral  neuritis, 
which  closely  resembles  that  of  alcohol.    The  action  is  essentially 
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one  on  the  interstitial  tissue,  the  connective- tissue  sheath  of  the 
nerve  being  affected  in  the  same  way  as  connective  tissue  elsewhere 
in  the  body.  It  becomes  hyperaemic,  shows  multiplication  of  new 
tissue  elements,  and  migration  of  leucocytes.  These  changes  lead 
to  pressure  on  the  nerve-fibres,  and  so  to  their  degeneration.  The 
effect  is  generally  symmetrical;  the  extensors  of  the  foot,  the 
interossei  and  opponens  poUicis  of  the  hand  are  first  affected.  The 
symptoms  will  be  described  under  toxicology. 

Circulation. — In  some  cases  of  chronic  poisoning  failure  of 
the  heart's  action  has  been  observed ;  it  shows  itself  in  oedema  of 
the  feet  and  legs  and  a  feeble  pulse  of  low  tension.  Probably  this 
is  due  to  degenerative  changes  in  the  muscle  analogous  to  those 
occurring  in  phosphorus  poisoning.  Therapeutic  doses  of  arsenic 
do  not  directly  influence  either  the  heart  or  respiration. 

Skin.— In  man  arsenic  has  a  beneficial  effect  upon  the  nutrition 
of  the  skin,  the  subcutaneous  fat  is  increased  and  the  complexion 
is  improved  ;  also,  it  renders  the  coat  of  certain  domestic  animals, 
as  the  horse,  thicker  and  more  glossy.  How  this  beneficial  effect 
IS  brought  about  we  cannot  say  with  certainty.  Apparently,  it 
is  not  due  to  increased  blood-supply  from  local  vaso-dilatation,  nor 
IS  there  evidence  that  it  is  a  nervous  effect.  There  are,  however, 
two  other  factors  to  consider :— (i)  Arsenic  may  have  a  specific 
action  upon  cutaneous  epithelium  during  its  excretion ;  and  (2)  it 
may  increase  the  flow  of  lymph  to  the  part. 

In  support  of  the  former  hypothesis  there  is  definite  evidence 
that  arsenic  is  to  some  extent  excreted  by  the  skin.  It  can  be 
found  in  the  epithehal  cells  and  hair  of  animals  that  are  taking  the 
drug,  and  has  been  detected  in  the  blister-fluid  of  a  patient  under 
treatment  with  arsenic.  If  arsenic  is  given  to  frogs,  the  epithelial 
cells  soften  and  shrink,  and  the  skin  readily  peels  off. 

The  latter  hypothesis,  that  arsenic  may  act  as  a  lymphagogue, 
has  received  no  attention  as  yet.  Sometimes  the  stimulant  actiori 
of  the  arsenic  leads  to  hyper-activity  of  the  skin,  as  shown  by  an 
over-growth  of  the  epithelium  (keratosis)  and  papular,  vesicular  or 
scaly  eruptions  ;  and  it  has  been  stated  that  the  prolonged  use  of 
arsenic  may  give  rise  to  epithehal  cancer. 

The  most  characteristic  action  on  the  skin  is  the  brown  colouration 
of  the  face  and  other  parts  of  the  body  (melanosis).  It  has  been 
seen  already  that  poisonous  doses  of  arsenic  cause  an  increased 
destruction  of  the  red  corpuscles,  and  the  pigmentation  may  be 
due  to  hfemoglobm  derivatives  obtained  from  these  corpuscles. 

The  irritation  of  the  mucous  membranes  of  the  eyelids,  nose, 
})harynx  and  trachea,  and  alimentary  canal  is  probably  the'  result 
of  conditions  similar  to  those  obtaining  in  the  skin. 

Tolerance.— The  system  may  be  cultivated  to  withstand  large 
doses  of  arsenic  without  showing  the  usual  physiological  effects 
If  an  animal  is  given  a  daily  dose  of  arsenic,  beginning  with  a  very 
small  one  and  gradually  increasing,  after  some  months  many 
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times  the  lethal  dose  may  be  taken  without  any  symptoms  of 
poisoning.  A  like  toleration  can  be  induced  in  man.  The  Styrian 
peasants  of  a  certain  class  at  one  time  took  the  drug  to  increase 
their  powers  of  endurance  and  to  improve  their  wind  when  climbing. 
In  some  cases,  it  was  also  said  to  be  taken  to  render  immune  those 
employed  in  arsenical  works  or  in  the  working  of  ores  containing 
arsenic.  These  people  for  the  first  week  or  so  took  a  dose  of  ar- 
senious  acid  varying  from  to  J  gr. ;  this  was  followed  by  a  period 
of  abstinence.  Afterwards  they  again  took  the  drug,  but  in  in- 
creased doses,  and  this  alternation  was  continued  until  6  or  7  grs. 
could  be  taken  at  one  dose.  Attempts  to  produce  tolerance  to 
arsenic  in  this  country  have  not  been  very  successful. 

It  is  difficult  to  explain  this  form  of  immunity.  It  is  not  due 
to  a  less  rapid  absorption  or  a  more  rapid  excretion,  since  these 
processes  go  on  quite  normally,  and  considerable  amounts  of  arsenic 
can  be  extracted  from  the  urine.  It  has  been  suggested  that  an 
antitoxin  is  formed,  and  in  support  of  this  is  the  fact  that  the 
subcutaneous  injection  of  serum  from  tolerant  animals  will  prevent 
death  in  normal  animals  which  have  received  a  fatal  dose  of 
arsenic.  Such  an  immunity  is  very  limited,  for  should  the  amount 
of  arsenic  shghtly  exceed  the  minimal  fatal  dose,  death  always 
occurs. 

Recent  attempts  to  produce  "  anti "  bodies  for  arsenic  have 
failed,  and  it  is,  on  the  whole,  very  improbable  that  a  body  hke 
arsenic  would  excite  a  tissue  reaction  at  all  resembling  those  obtain- 
ing after  injections  of  foreign  proteids.  It  is  more  hkely  that  the 
body  which  renders  the  arsenic  jnnocuous  is  of  a  much  simpler 
nature.. 

It  has  been  demonstrated  that  a  dose  of  arsenic  which  is  fatal 
subcutaneously  can  be  injected  into  a  peritoneal  cavity  without 
causing  death.  Here  a  number  of  leucocytes  are  available,  and 
it  has  been  shown  that  the  arsenic  is  absorbed  by  these  leucocytes  ; 
it  has  been  further  suggested  that  they  convert  it  into  a  non-toxic 
compound,  and,  later,  excrete  it  slowly. 

Finally,  it  is  well  known  that  the  alimentary  canal  can  become 
immune  to  some  extent  towards  irritant  and  corrosive  poisons, 
like  copper  sulphate  and  zinc  sulphate ;  and,  since  arsenic  causes 
death  by  its  action  on  the  alimentary  canal,  it  follows  that  if  this 
effect  were  excluded  we  have  another  possible  explanation  of  the 
tolerance.  This  is,  after  all,  only  shifting  the  ground,  for  how  the 
resistance  of  the  epithelium  is  increased  would  still  remain  a  problem 
for  future  solution. 

Excretion, — Arsenic  is  mainly  excreted  in  the  urine  as  inorganic 
compounds,  but  the  excretion  is  slow,  and  traces  are  often  found 
two  or  three  weeks  after  the  administration  of  the  drug  has  ceased. 
A  small  percentage  is  also  excreted  by  the  stomach,  intestines  and 
milk,  and  poisonous  symptoms  have  occurred  in  infants  where  the 
mother  has  been  taking  the  drug.    If  an  animal  is  killed  after 
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absorbing  arsenic  the  organ  which  contains  the  greatest  per- 
centage of  the  drug  is  the  Hver ;  then  come  the  walls  of  the  ahmen- 
tary  canal,  the  spleen,  cancellous  bones  and  hairs,  which  all  contain 
a  small  quantity. 

Toxicology.— The  administration  of  a  large  dose  of  this  drug 
produces  symptoms  which  are  principally  the  result  of  the  specific 
action  of  the  drug  on  the  alimentary  canal.  We  have  pointed  out 
already  that  arsenic  is  not  a  corrosive  poison  like  the  salts  of  many 
of  the  heavy  metals,  because  the  effects  of  the  drug  are  not  observed 
for  at  least  half  an  hour  after  it  is  administered.  They  then  com- 
mence with  severe  abdominal  pain,  associated  with  nausea  and 
vomitmg.  The  vomited  material  consists  of  the  contents  of  the 
stomach  mixed  with  regurgitated  bile,  to  which  are  added  later, 
streaks  of  blood.  The  epigastrium  is  very  tender  and  vomiting 
gives  no  relief. 

The  most  characteristic  feature  of  this  type  of  poisoning  is  diar- 
rhoea, which  resembles  that  of  cholera.  It  is  painful  and  profuse  • 
at  first  there  is  nothing  special  to  note,  but  soon  the  straining 
(tenesmus)  becomes  very  distressing  and  the  stools  assume  the 
form  known  as  "rice  water."  They  consist  of  shreds  of  disin- 
tegrated mucous  membrane  floating  in  a  serous  fluid  which  in 
the  later  stages,  is  mixed  with  blood. 

The  withdrawal  of  water  by  the  stools  leads  to  thirst,  dryness 
of  the  mouth  and  throat,  and  difficulty  in  swallowing.  The  urine 
also  IS  much  diminished,  and  in  severe  cases  contains  albumen 
and  blood,  the  latter  signs  being  due  to  a  nephritis  induced  by 
the  arsenic  during  its  excretion  by  the  kidneys.  As  in  cholera 
there  are  severe  muscular  cramps,  headache,  giddiness  and  pros- 
tration. ^ 

The  patient  becomes  more  and  more  prostrate  and  feeble  The 
circulation  shows  signs  of  failure,  the  pulse  being  of  very  low  tension 
weak  and  irregular.  Temperature  falls-  gradually  till  considerably 
below  the  normal,  the  skin  being  cyanosed  and  covered  with  a  cold 
and  clammy  sweat.  The  collapse  ends  in  death,  which  occurs 
eight  hours  to  three  days  after  the  administration  of  the  drug 
Nervous  symptoms  do  not,  as  a  rule,  precede  death,  but  epileptiform 
convulsions,  and  sometimes  paralysis  and  coma,  have  been  observed 

Not  infrequently  the  patient  recovers  from  the  acute  symptoms 
but  develops  subsequently  the  symptoms  of  a  chronic  intoxication' 
Chronic  poisoning  may  follow  the  therapeutic  administration  of 
arsemc  but  it  occurs  more  commonly  in  connection  with  occupa- 
tions where  some  compound  of  arsenic  is  employed.  The  symptoms 
consist  of : —  ^ 

(1)  Irritation  of  the  mucous  membranes  of  the  eye,  nose,  throat 

and  larynx. 

(2)  Alimentary  symptoms. 

(3)  Peripheral  neuritis. 

(4)  Sliin  eruptions. 

2  A 
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In  the  mild  cases  the  effect  on  the  eyes  is  particularly  charac- 
teristic. There  is  considerable  irritation,  redness  and  swelling 
of  the  conjunctiva  ;  the  eyeUds,  especially  the  lower  one,  are  oedema- 
tous  and  the  patient  is  intolerant  to  light.  The  mucous  membranes 
of  the  nose,  pharynx,  and  trachea  are  inflamed,  the  tracheitis  giving 
rise  to  a  short  dry  cough.  Alimentary  symptoms  are  not  pro- 
nounced in  mild  cases,  but  there  is  loss  of  appetite  with  irregular 
attacks  of  nausea  and  vomiting  without  any  apparent  cause  ; 
more  occasionally  there  is  diarrhoea.  Skin  eruptions  of  a  trifling 
nature  may  appear,  and  occasionally  some  signs  of  peripheral 
neuritis.  All  these  symptoms  may  result  from  the  administration 
of  large  but  medicinal  doses  of  arsenic  ;  they  are  seldorn  serious, 
and  disappear  when  the  dose  is  diminished. 

In  the  more  severe  cases  of  chronic  poisoning,  such  as  occur 
in  the  textile  arts,  both  the  digestive  symptoms  and  the  irritation 
of  the  other  mucous  membranes  are  more  pronounced,  so  that 
it  is  not  uncommon  to  find  bronchitis  and  laryngeal  catarrh.  The 
most  characteristic  features,  however,  are  affections  of  the  peri- 
pheral nerves  and  eruptions  of  the  skin. 

The  peripheral  neuritis  bears  a  close  resemblance  to  that  of 
alcohol  :  there  is  a  feeling  of  coldness,  numbness  and  tingling 
in  the  hands  and  feet,  often  accompanied  by  a  creeping  sensation, 
which  may  at  times  be  positively  painful.  Areas  of  anaesthesia 
to  touch  and  temperature  in  some  parts,  and  areas  of  h5'per?esthesia 
in  others,  complete  the  sensory  symptoms.  The  motor  symptoms 
consist  of  either  simple  muscular  weakness  or  complete  paralysis 
of  the  extensor  muscles  of  the  forearm  and  leg,  causing  "  wrist 
drop"  and  "foot  drop."  The  gait  is  consequently  ataxic  and 
the  knee-jerks  commonly  absent.  In  severe  cases  there  is  con- 
siderable atrophy  of  the  muscles,  which  show  the  reaction  of  degene- 
ration. These  symptoms,  being  due  to  a  general  condition,  are 
necessarily  symmetrical. 

Skin  eruptions  ai'e  very  characteristic  of  arsenical  poisoning. 
We  have  already  seen  that  the  drug  has  a  stimulant  action  upon 
the  skin,  and  this  would  seem  sometimes  to  be  exaggerated  and 
result  in  rashes,  such  as  keratoses  of  the  hands  and  feet,  while  the 
hair  and  nails  become  dry  and  brittle.  Erythematous  eruptions 
resembhng  measles,  scarlatina  or  eczema  are  sometimes  found  ; 
they  are  irritable  and  often  succeeded  by  scaly  desquamation. 
Herpes  and  other  eruptions  may  be  due  to  trophic  changes  brought 
about  by  the  peripheral  neuritis.  But  the  most  characteristic 
skin  affection  is  the  bronzing  that  sometimes  affects  the  whole 
body,  but  more  commonly  occurs  in  patches.  The  pigmentation 
is  always  marked  at  points  of  pressure,  and  is  particularly  well 
seen  in  the  armpits  and  nipples.    Recovery  is  usually  very  tedious. 

The  trades  in  which  arsenical  poisoning  is  apt  to  occur  are  those 
concerned  in  the  manufacture  of  arsenical  pigments  (especially 
green),  wall  papers,  coloured  cardboard  boxes  and  artificial  flowers  ; 
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paper-hangers  and  decorators  may  also  be  affected.  Arsenic,  being 
volatile,  is  liable  to  cause  poisoning  in  any  trade  in  which  it  is 
employed.  Metal  workers  in  zinc  and  brass  are  particularly  subject 
to  this,  owing  to  the  arsenical  fumes  evolved  from  the  heated 
metal. 

The  diagnosis  of  arsenical  poisoning  is  not,  as  a  rule,  difficult  : 
in  the  more  acute  cases  the  sudden  onset  and  persistence  of  the 
symptoms  distinguish  it  from  an  ordinary  bilious  attack. 

Treatment  should  consist,  in  the  first  place,  in  getting  rid  of 
any  arsenic  which  may  still  be  present  in  the  system  ;  this  is  done 
by  washing  out  the  stomach  with  warm  water.  Afterwards, 
large  doses  of  freshly  prepared  hydrated  peroxide  of  iron  should 
be  given  ;  it  can  be  made  by  adding  powdered  magnesia  to  a 
solution  of  ferric  sulphate. 

'  .  MATERIA  MEDICA  ■ 

1.  Acidum  Arseniosum. — White  arsenic.  As^O^.  Soluble  r  in  10  of 
boiling  and  i  in  100  of  cold  water.    Dose,       to  gr. 

Preparations 

1.  Liquor  Arsenicalis. — Fowler's  solution.    A  i  per  cent,  solution 

of  arsenious  acid,  made  by  the  aid  of  potassium  carbonate. 
It  is  coloured  witli  compound  tincture  of  lavender. 
Dose,  2  to  8  m. 

2.  Liquor  Arsenici  Hydrochloricus. — A  i  per  cent,  solution  of 

arsenious  acid  in  dilute  hydrochloric  acid. 
Dose,  2  to  8  m. 

2.  Sodii  Arsenas. — Na,HAsOj.  Soluble  i  in  6  in  water  and  forming 
an  alkaline  solution.    Dose,        to  ~  gr. 

Preparation 

Liquor  Sodii  Arsenatis. — i  per  cent,  of  anhydrous  sodium  arsenate 
in  distilled  water. 
Dose,  2  to  8  m. 

3.  Arsenii  lodidum. — Arsenious  iodide.  Asl,,.  Soluble  in  water  and 
in  alcohol.    Dose,      to  i  gr. 

Preparation 
Liquor  Arsenii  et  Hydrargyri  lodidi.    See  Mercury. 

4.  Ferri  Arsenas.    See  Iron. 

ANTIMONY 

Antimony  is  the  last  member  of  this  group,  and  stands,  as  regards 
its  action,  midway  between  arsenic  and  the  heavy  metals.  The 
main  difference  Ixdwcen  it  and  arsenic  depends  upon  the  facts 
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(i)  that  it  is  absorbed  with  difficulty,  and  (2)  it  is  more  irritant 
to  the  alimentary  canal.  It  is  possible  that  the  fact  of  its  not 
being  readily  absorbed  depends  upon  physical  properties  :  in 
support  of  this  we  notice  that  the  elements  phosphorus,  arsenic 
and  antimony  are  absorbed  from  the  alimentary  canal  just  in 
proportion  as  they  are  volatile  ;  and,  further,  the  only  heavy  metal 
which  is  absorbed  at  all  readily  is  mercury,  and  this  is  also  the 
only  one  of  these  metals  which  is  volatile. 

The  tartrate  of  antimony  (tartar  emetic)  (SbOKT)  is  the  salt 
generally  employed  in  medicine,  chiefly  on  account  of  its  easy 
solubility,  cheapness  and  activity. 

Antimony,  like  arsenic,  has  an  irritant  action  on  all  epithehal 
cells. 

Externally  it  acts  on  the  skin  as  a  severe  irritant,  and  produces 
round  the  sweat  and  sebaceous  glands  papules  and  pustules  which 
resemble  the  pocks  in  small-pox.  As  a  counter-irritant  it  is  useless 
because  it  is  uncertain,  and  the  pustules,  which  may  be  formed 
after  a  few  days,  sometimes  coalesce  and  produce  a  bad  scar,  or 
even  local  necrosis. 

Certain  salts  of  antimony,  like  the  chloride,  are  caustic,  and 
differ  from  tartar  emetic  by  combining  with  albumen  in  the  same 
way  as  the  heavy  metals. 

Internally  tartar  emetic  in  small  doses  {h  gr.)  gives  rise  to 
nausea,  and  in  larger  doses  (2  grs.)  to  violent  vomiting.  The  vomit- 
ing occurs  from  seven  to  twenty  minutes  after  taking  the  drug  and, 
as  in  vomiting  from  other  causes,  is  associated  with  certain  effects, 
all  of  which  are  induced  refiexly  through  the  medulla.  Respiration 
becomes  quicker  and  deeper,  and  the  flow  of  saliva  and  bronchial 
mucus  greater;  the  pulse-rate  is  increased — an  effect  which  is 
usual  after  any  mild  form  of  peripheral  irritation,  such,  for  example, 
as  a  blister.  The  face  is  flushed,  but  the  limbs  suggest  a  sen- 
sation of  cold  and  are  covered  with  perspiration.  It  has  already 
been  seen  that  stimulation  of  the  medulla,  either  directly  or  in- 
directly, induces  constriction  of  the  splanchnic  area  and  dilatation 
of  the  skin- vessels. 

The  emesis  after  antimony  is  due  to  a  direct  irritant  action  on 
the  stomach.  If  the  drug  is  injected  subcutaneously  vomiting 
is  still  induced,  in  which  case  not  only  are  larger  amounts  required 
but  it  takes  longer  to  act.  This  forms  a  conclusive  proof  of  its 
peripheral  action,  and  there  is  no  reason  to  suppose  that  it  has  a 
direct  action  on  the  vomiting  centre.  Any  irritant  substance, 
including  antimony,  when  injected  subcutaneously,  induces 
vomiting,  generally  by  irritation  of  some  portion  of  the  alimentary 
canal.  It  is  also  well  known  that  any  form  of  peripheral  irritation, 
provided  it  is  sufficiently  severe,  produces  the  same  effect  ;  thus, 
a  moving  stone  in  the  gall-bladder  or  in  the  pelvis  of  the  kidney 
will  produce  vomiting  ;  or,  again,  the  stimulation  of  the  central 
end  of  an  afferent  nerve,  such  as  the  vagus  or  glossopharyngeal. 
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will  also  cause  the  same  effect.  The  experiments  of  Majendie, 
who  removed  and  replaced  the  stomach  of  animals  by  a  small 
bladder,  and  then  found  that  the  injection  of  drugs  still  led  to  the 
movements  of  vomiting,  prove  little  regarding  the  seat  of  action  ; 
they  only  show  that  the  peripheral  irritation  is  not  limited  to  the 
stomach  alone.  At  the  present  time,  antimony  is  rarely  given 
as  an  emetic  owing  to  the  severe  depression  and  even  collapse 
which  sometimes  follow  its  use  :  in  some  cases  absorption  has 
occurred,  with  after  effects  bearing  a  resemblance  to  those  of 
arsenical  poisoning. 

Antimony  is  used  in  small  doses  as  an  expectorant :  there  is 
no  reason  to  beheve  that  it  has  any  specific  action  on  the  bronchial 
mucous  glands  or  that  it  is  excreted  by  the  bronchioles  ;  it  acts 
simply  as  a  mild  irritant  to  the  stomach,  and  all  such  irritation 
tends  to  produce  a  reflex  increase  of  bronchial  mucus. 

The  absorption  of  antimony  is  very  slow,  but  if  it  is  given  by 
the  mouth  for  some  time  in  large  doses,  or  injected  under  the  skin, 
it  produces  effects  very  similar  to  those  seen  in  chronic  arsenical 
poisoning,  such  as  changes  in  metabolism,  fatty  degeneration  and 
skin  eruptions. 

Antimony  is  also  used  as  a  diaphoretic.  It  is  difficult  to  say 
how  this  action  is  produced.  It  is  no  doubt  partly  due  to  the 
dilatation  of  the  cutaneous  vessels,  and  to  medullary  reflexes  from 
the  alimentary  canal. 

,  It  is  excreted  mainly  by  the  fteces,  but  traces  can  be  detected  in 
the  urine,  bile,  sweat  and  milk.  As  in  the  case  of  arsenic,  a  certain 
degree  of  tolerance  can  be  attained. 

The  symptoms  of  poisoning  by  antimony  generally  begin  with 
nausea,  vomiting,  and  pain  in  the  stomach  which  is  not  relieved 
by  the  vomiting.  Death  results  from  collapse.  In  the  more 
chronic  cases  where  antimony  has  been  absorbed  into  the  system, 
diarrhoea  with  typical  "rice-water"  stools  is  a  usual  feature;  and 
there  are  cramps,  as  in  arsenical  poisoning,  in  which  the  muscles 
become  rigid  and  cause  severe  pain.  The  urine  is  sometimes 
increased  at  first,  but  later  it  contains  albumen  and  blood.  Seven 
grains  of  tartar  emetic  is  a  dangerous  dose.  Treatment  consists 
in  washing  out  the  stomach  and  the  administration  of  tannin,  wlaich 
fornxs  an  insoluble  compound  with  the  metal. 

MATERIA  MEDICA 

I.  Antimonium  Tartaratum.— (KSbO,C^H,Og)3.H20.  Tartar  emetic. 
Dose,  -.r\  to  Jf  gr.  (diaphoretic)  ;  i  to  2  grs.  (emetic). 

Preparation 

Vinum  Antimoniale. — 2  grs.  to  i  oz.  of  sherry. 

Dose,  10  to  30  m.  ;  2  to  4  drs.  as  an  emetic. 
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2.  Antimonii  Oxidum. — Antimonious  oxide.  Sbp^.  Dose,  i  to 
2  grs. 

Preparation 

Pulvis  Antimonialis. — Antimonious  oxide,   i  ;   calcium  plios- 
phate,  2. 

Dose,  3  to  6  grs. 

3.  Antimonium  Nigrum  Purificatum. — Sb,S.,. 

4.  Antimonium  Sulphuratum. — A  mixture  of  various  sulphiides  and 
oxides,  Sb.,S.,Sb,0^,Sb,S3,Sb|0,.,  witli  some  sulphur.  Dose,  I  to  2  grs. 
Contained  in  Pilulu  Hydrargyri  Subchloridi  Composita. 


CHAPTER  XXVI 


GENERAL  ACTION  OF  THE  HEAVY  METALS 

Local  Action. — The  heavy  metals  have  many  properties  in  common. 
They  all  possess  a  very  important  local  action  on  the  skin,  alimen- 
tary canal  or  other  part  to  which  they  may  be  appUed  ;  and, 
with  the  exception  of  mercury,  they  are  all  absorbed  only  very 
slowly  from  the  bowel,  so  that  there  is  ample  time  for  the  develop- 
ment of  the  local  action  on  the  alimentary  canal. 

If  the  solution  of  a  salt  of  a  heavy  metal  capable  of  dissociation 
into  ions  is  added  to  a  proteid  solution,  an  albuminate  of  the  metal 
having  a  definite  chemical  combination  is  precipitated.  This 
precipitate  can  be  dissolved  hke  the  globuhns  by  the  addition  of 
neutral  salts,  and  it  is  also  sometimes  soluble  in  excess  of  proteid ; 
thus,  the  albuminate  of  mercury  is  redissolved  by  albumen. 

The  salts  of  the  metals  are  employed  as  astringents  upon  the 
skin  and  mucous  membranes.  They  act  in  one  of  three  ways:  — 
The  soluble  salts  of  the  metals  may  form  albuminates  and  liberate 
free  acid  ;  the  metal  may  be  locally  absorbed,  so  constricting  the 
vessels  of  the  part,  and  reducing  the  secretions  ;  and,  lastly,  in- 
soluble salts  hke  those  of  bismuth  may  cover  and  mechanically 
protect  the  surface. 

When  an  astringent  metallic  salt  comes  in  contact  with  a  mucous 
membrane  it  immediately  forms  a  precipitate  with  the  surface 
albumen,  and,  later,  the  superficial  layer  of  cells  is  attacked  and 
the  protoplasm  in  part  coagulated.  The  extent  of  the  process 
depends  upon  the  penetrating  power  of  the  metal  and  the  nature 
of  the  precipitate.  Dilute  solutions  of  lead  form  a  continuous 
sheath  of  insoluble  albumen,  which  protects  the  underlying  parts 
from  further  irritation.  Nevertheless,  lead  must  be  applied  only 
in  places  where  absorption  is  not  hkely  to  occur,  such  as  on  the 
unbroken  surface  of  the  skin. 

Besides  the  nature  of  the  precipitate,  the  acid  with  which  the 
metal  is  combined  must  receive  consideration.  When  the  metal 
combines  with  the  albumen  this  acid  is  set  free,  and  exercises 
any  local  action  usual  to  it.  A  dilute  solution  of  lead  acetate 
produces  little  other  effect  than  lliat  of  the  metal,  but  a  very  strong 
solution  may  liberate  sufficient  acetic  acid  to  distinctly  irritate 
the  tissues.  Hydrochloric  acid  is  much  more  irritant  than  acetic, 
and  lead  chloride  is  more  dissociable  than  lead  acetate  ;  hence, 
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if  the  chloride  is  emi^loycd  the  astringent  action  of  the  lead  is 
masked  by  the  irritation  and  corrosion  induced  by  the  acid.  Ob- 
viously, this  irritation  can  be  avoided  by  em^Dloying  a  suitable 
preparation.  The  albuminate  of  the  metal  is  non-irritant,  but  it 
is  not  very  efficient  as  an  astringent,  because  it  can  no  longer  2)re- 
cipitate  albumen.  The  double  salts  of  the  metals,  likewise,  do 
not  precipitate  albumen  ;  they  are  decomposed  only  very  slowly 
and  are  little  liable  to  irritate.  Combinations  of  the  metal  with 
organic  acids,  such  as  acetic,  tartaric,  or  citric,  also  render  irritant 
action  negligible,  since  these  salts  are  so  slowly  dissociated  that 
only  a  very  small  percentage  of  acid  is  present  at  any  one  time. 
Hence,  in  determining  the  local  effect  of  a  metaUic  salt,  both  the 
metal  and  the  acid  require  consideration. 

Before  leaving  this  local  action  of  the  salts  of  the  metals,  the 
fact  must  be  noted  that  a  certain  tolerance  can  be  acquired  to 
the  local  corrosion.  At  present  this  is  impossible  to  explain, 
but  it  has  been  .suggested  that  the  tolerance  to  arsenic  may  possibly 
come  under  this  category. 

General  Action.— To  produce  a  general  action  the  salt  must  be 
dissociable  and  capable  of  absorption.  Zinc  chloride  injected  into 
an  animal  is  very  toxic  because  the  zinc  ion  is  free  to  act,  but  if 
C  H 

zinc  ethyl,  Zn  ^  which  is  not  dissociable,  is  given  under  the 

same  conditions  it  is  almost  non-toxic.  The  principal  differences 
in  the  actions  of  the  metals  depend  upon  the  relative  rate  of  their 
absorption.  There  is  not  a  great  deal  of  difference  between  the 
toxicity  of  arsenic  and  of  iron  when  they  are  injected  into  the 
circulation  of  an  animal,  but  arsenic  is  infinitely  more  toxic  when 
given  by  the  mouth,  because  it  is  absorbed  so  much  more  readily. 
Mercury  is  the  only  heavy  metal  which  is  absorbed  from  the  alimen- 
tary canal  in  sufficient  quantity  to  produce  acute  poisoning  other 
than  corrosive  :  lead,  silver,  tin  and  iron  are  absorbed  much  more 
slowly,  and  bismuth,  copper,  zinc  and  aluminium  practically  not 
at  all.  Lead,  silver  and  iron  having  reached  the  circulation  are 
not  very  readily  excreted,  so  that  the  metal  tends  to  accumulate 
in  the  internal  organs  of  the  body,  and  ultimately  gives  rise  to 
chronic  poisoning. 

To  observe  the  systemic  action  of  the  metals  upon  animals, 
the  salts  must  be  injected  either  subcutaneously  or  into  the  circu- 
lation. For  this  purpose  it  is  necessary  to  employ  either  doul)le 
salts  or  salts  combined  with  proteids.  The  symptoms  develop 
very  slowly,  sometimes  not  till  after  several  days  :  the  metal,  there- 
fore, does  not  commence  its  action  as  soon  as  it  has  entered  the 
circulation,  but  apparently  only  after  a  further  slow  absorption 
from  the  body-fluids  into  the  Hving  substance  of  the  cells  themselves. 
These  symptoms,  produced  experimentally,  have  a  general  resem- 
blance to  those  seen  during  chronic  poisoning  in  man,  and  consist 
principally  in  affections  of  the  central  nervous  system  and  dis- 
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tiu-bances  of  the  alimentary  canal.  There  may  Ije  hallucinations 
delusions,  dehnum,  or  stupor,  indicating  an  action  on  the  higher 
centres.  Or  there  may  be  tremors,  spasms,  or  epilejitiform  con- 
vulsions, pointing  to  an  affection  of  the  motor  area  ;  or,  again  there 
may  be  paralysis  due  either  to  central  lesions  or,  as  in  the  case  of 
lead,  to  peripheral  neurit's. 

The  affection  of  the  alimentary  canal  is  shown  by  pain  in  the 
abdomen,  flatulence,  nausea  and  vomiting,  followed  bv  purging 
Ihe  pain  is  sometimes  of  an  intense  colicky  nature  as  in  lead 
])oisoning,  due  to  the  direct  action  of  the  absorbed  metal  on  plain 
muscle.  But,  besides  this,  the  heavy  metals  have  a  specific  action 
hke  arsenic  on  the  whole  of  the  epithelium  of  the  alimentary  canal 
The  mucous  membrane  is  swollen,  and  in  parts  may  become  sepa- 
rated from  the  underlying  tissue.  In  severe  cases  ulceration  and 
hemorrhages  occ^ir.  The  circulatory  system  is  comparatively 
little  aftected.  Of  course,  in  those  cases  where  there  is  much  ef¥ect 
on  the  ahmentary  canal  with  associated  collapse,  the  whole  circu- 
latory system  is  depressed,  the  heart  is  very  feeble  and  the  vessels 
are  dilated.  On  the  other  hand,  these  metals  act  directly  on  plain 
muscle,  and  so  tend  to  produce  constriction  of  the  vessels,  and  in 
cases  0  chronic  poisoning,  such  as  that  by  lead,  the  vessels  may 
be  much  constricted  and  the  blood-pressure  high 

Most  of  the  metals  after  absorption  produce  slight  changes  in  the 
metabohsm,  which  closely  resemble  those  of  phosphorus  They 
are  all  excreted  by  the  large  intestine  :  some  are  also  excreted 
by  the  kidneys  and  these,  in  large  doses,  may  induce  an  acute 
nephritis,  in  which  case  the  urine  contains  albumen,  casts  and 
sometimes  blood. 


CHAPTER  XXVII 


MERCURY 

The  most  important  physical  property  of  the  salts  of  mercury  is 
their  volatility.  The  minute  state  of  division  in  which  they  can 
exist  possibly  accounts  in  part  for  the  readiness  with  which  they 
are  absorbed.  Mercuric  chloride  may  be  taken  as  a  typical  salt 
both  on  account  of  its  ready  solubility  in  water  and  the  fact  of  its 
being  easily  dissociated  :  it  precipitates  egg  white  or  serum  albumen 
from  solution,  and  the  precipitate  is  soluble  in  excess  of  albumen 
or  by  the  addition  of  a  little  sodium  chloride.  The  easy  solubility 
of  the  albuminate  is  also  advanced  as  an  explanation  of  the  relative 
ease  with  which  mercury  is  absorbed. 

The  soluble  salts  of  mercury  are  even  more  corrosive  than  those 
of  the  other  metals,  and  this  is  no  doubt  largely  due  to  the  fact 
that  the  mercury  albuminate  does  not  form  a  protective  sheath  on 
the  mucous  membrane  on  account  of  its  solubility  in  saline  solution 
or  albumen,  and  so  it  leaves  the  acids  free  to  exert  their  full  corrosive 
action.  The  insoluble  salts  of  mercury,  such  as  calomel,  are  very 
much  less  poisonous  because  they  do  not  come  into  contact  with 
the  living  tissues  very  readily,  and  hence  a  soluble  albuminate  is 
formed  only  very  slowly.  On  this  account  these  salts  have  little 
or  no  corrosive  action. 

Mercury  is  used  principally  in  the  treatment  of  syphilis,  and  for 
this  purpose  various  methods  of  administration  are  in  vogue. 
First,  there  is  the  method  of  inunction,  which  consists  in  rubbing 
an  ointment  into  various  parts  of  the  body  in  a  definite  order. 
This  method  has  the  advantage  that  the  local  action  of  the  drug  on 
the  stomach  and  intestines  is  avoided,  while  it  produces  a  moderate 
mercurial  action  extending  over  a  prolonged  period.  Calomel 
and  the  various  metallic  preparations  are  given  generally  by  the 
mouth  ;  they  tend  to  produce  diarrhoea  and  to  derange  digestion. 
A  third  method  is  the  hypodermic  :  it  induces  the  specific  effects 
quicker  and  with  more  certainty  than  when  the  drug  is  given  by 
the  mouth,  but  it  has  the  disadvantage  of  producing  considerable 
local  irritation.  The  irritation  can  to  some  extent  be  avoided  by 
adding  sodium  chloride  to  the  solution  of  mei'curic  chloride  and 
injecting  deeply,  such  as  into  the  gluteal  muscles.  In  syphilitic 
affections  of  the  skin  still  anotlier  method  is  used — the  mercurial 
vapour  bath  :  in  this,  calomel  or  sulphide  of  mercury  is  vapourised 
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Willi  steam,  and  so  the  salt  is  deposited  in  a  finely  divided  state 
on  the  body  of  the  patient. 

External. — Mercury  has  a  powerful  and  specific  action  on  all 
forms  of  living  protoplasm,  and  in  this  respect  it  differs  from  the 
other  metals.  It  is  used  largely  as  an  antiseptic  and  disinfectant  : 
one  part  of  the  perchloride  in  1,000,000  ]:)arts  of  water  inhibits  the 
growth  of  the  anthrax  bacillus,  and  a  solution  of  i  in  1000  is  re- 
garded as  sufficient  for  disinfecting  most  fluids.  For  utensils, 
clothing,  &c.,  I  in  2000  is  enough,  and  for  excreta  the  addition  of 
an  equal  bulk  of  i  in  1000  is  to  be  recommended.  A  solution  con- 
taining I  in  5000  or  more  is  very  useful  in  the  treatment  of  infec- 
tious conjunctivitis.  Mercurial  ointments  are  used  largely  in 
skin  diseases,  especially  in  those  of  parasitic  origin. 

Mercury  has  a  paralysing  effect  on  the  movements  of  white  blood- 
corpuscles.  This  is  best  observed  in  the  frog  by  applying  a  little 
(i  in  10,000)  solution  of  the  perchloride  to  the  highly  inflamed 
mesentery.  It  will  then  be  seen  that  the  migration  of  the  white 
blood-corpuscles  through  the  walls  of  the  vessels  ceases,  the  cor- 
puscles no  longer  exhibit  amoeboid  movements,  and  so  the  suppura- 
tion is  arrested.  This  explains  how  the  blue  ointment,  when  rubbed 
into  the  skin  of  a  patient,  tends  to  retard  suppuration.  Mercurial 
ointments  are  also  used  to  reduce  swellings  and  to  promote  absorp- 
tion of  subcutaneous  effusions,  and  it  is  possible  that  the  beneficial 
effect,  other  than  that  induced  by  the  rubbing,  is  brought  about 
in  the  manner  above  mentioned. 

Mercurial  vapour  is  absorbed  not  only  by  the  lungs  but  also 
by  the  skin,  for  an  animal  placed  in  an  atmosphere  of  mercury, 
with  its  head  external  to  the  apparatus,  still  becomes  affected  by 
the  fumes,  and  mercury  can  be  found  in  its  excreta.  Both  the 
metal  and  its  compounds,  when  rubbed  into  the  skin  along  with  fat, 
are  absorbed  and  get  into  the  circulation,  the  fat  enabling  them 
to  pass  into  the  hair  and  sebaceous  follicles.  How  it  comes  to  be 
absorbed  so  readily  from  mucous  surfaces  we  do  not  know  ;  but 
the  volatility  of  mercury  and  its  compounds,  and  the  easy  solubility 
of  its  albuminate,  with  a  special  affinity  for  feci  thai  bumen,  are 
certainly  important  factors  in  the  pi'ocess. 

If  the  more  insoluble  ]:)reparations  of  mercury,  such  as  calomel, 
are  injected  subcutaneously,  they  can  be  detected  in  the  white 
blood-corpuscles,  and  it  is  quite  likely  that  these  corpuscles  play 
an  important  role,  as  in  the  case  of  arsenic  and  iron,  in  the  absorp- 
tion of  this  drug  from  the  alimentary  canal. 

Alimentary  Canal. — Mercury  produces  a  very  decided  effect 
upon  the  mouth  ;  it  is  not  reflex,  for  it  occurs  only  after  absorption 
of  the  metal  into  the  sy.stem.  First,  a  metallic  taste  is  experienced, 
then  the  breath  becomes  unplea.sant,  and  the  secretion  of  saliva, 
which  contains  the  metal,  is  much  increased.  Therapeutically, 
of  course,  mercurial  treatment  is  stopped  when  this  salivation  is 
noticed,  but,  if  large  doses  of  the  metal  have  been  given,  ulceration 
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is  likely  to  occur  round  carious  teeth,  and.  if  this  extends  to  the  bone 
periostitis  and  ultimately  necrosis  are  induced.  Mercury,  then, 
has  a  special  action  on  the  salivarj'  glands  after  its  absor])lion 
into  the  substance  of  the  cellSj  and  this  effect  is  produced  no  matter 
in  what  form  or  by  what  way  it  is  administered. 

Calomel  and  blue  j^ill  are  the  forms  in  which  mercury  is  usually 
given  to  obtain  the  effect  upon  the  stomach  and  intestine  ; 
this  is  on  account  of  their  insolubility  and  the  fact  that  compara- 
tively little  of  the  metal  is  absorbed  into  the  system.  They  act  as 
very  mild  purges  by  slightly  irritating  the  intestines,  and  are 
mostly  excreted  unchanged  in  the  fceces.  They  also  tend  to  prevent 
the  growth  of  bacteria,  and  so  limit  putrefaction  within  the  bowel. 

Mercury  is  often  regarded  as  a  cholagogue,  but  it  does  not  in- 
crease the  flow  of  bile  from  the  liver.  Nevertheless,  it  does  cause 
the  appearance  of  bile  in  the  fceces,  for  the  green  tint  of  the  stools 
after  purgation  by  calomel  is  due  to  bile.  This  has  been  ascribed 
to  the  antiseptic  properties  of  mercury  checking  the  growth  of 
bacteria  in  the  gut,  and  so  preventing  the  normal  conversion  of 
bile  pigments  into  stercobilin,  the  normal  colouring-matter  of  the 
faxes. 

Even  when  calomel  and  metallic  mercury  are  used,  a  small 
proportion  of  the  mercury  is  absorbed  into  the  system,  produces 
typical  specific  effects,  and  is  excreted  again  info  the  caecum  and 
colon  :  if  more  soluble  preparations  of  the  drug  are  used  or  if  it  is 
injected,  an  acute  inflammation  of  the  lower  gut  results.  In  such 
cases  the  mucous  membrane  of  the  caecum  and  colon  becomes 
swollen,  red  and  injected,  ulceration  occurs  and  the  condition 
leads  to  a  train  of  symptoms  such  as  are  seen  in  cholera  or  acute 
arsenical  poisoning,  viz.,  pain,  tenesmus  and  rice-water  stools,  the 
fasces  containing  blood  and  fragments  of  mucous  membrane. 

Mercury  is  employed  in  therapeutics  as  a  mild  purgative,  and 
as  a  general  disinfectant  to  the  alimentary  canal :  it  is  used  also  in 
certain  forms  of  diarrhoea,  in  dysentery,  cholera  and  enteric  fever, 
generally  with  the  object  of  disinfecting  the  stools. 

The  medicinal  use  of  mercury  seldom  leads  to  very  definite 
effects  on  the  central  nervous  system.  Tremor  is  the  most  constant 
symptom  of  chronic  mercurialism  :  it  generally  begins  in  the  lips  and 
tongue,  and  later  affects  the  upper  extremities.  It  is  particularly 
marked  during  voluntary  movements.  Sometimes  there  is  paralysis 
resembling  that  of  lead,  with  "  dropped  wrist,"  wasting  of  the 
muscles  affected ;  and  sometimes  persistent  facial  neuralgia  and 
other  pains  in  the  head  and  limbs  :  hallucinations  and  delusions 
are  also  occasionally  present.  These  effects  are  cerebral,  but 
therapeutically  they  are  of  little  importance.  Formerly  it  was 
thought  by  a  few,  that  some  of  the  symptoms  of  tertiary  syphilis 
might  be  due  to  mercury  ;  this  has  been  shown  to  be  false. 

Mercury  has  a  specific  action  in  syphilis,  esjiccially  in  secondary 
and  congenital  syphihs.    In  tertiary  syphilis  its  action  is  in- 
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ferior  to  the  iodides.  This  use  of  the  drug  is  entirely  empirical, 
just  as  the  use  of  quinine  in  malaria  was  empirical  before  the  action 
of  this  alkaloid  on  the  malarial  organism  was  undei-stood.  If  the 
mercurial  treatment  of  syphilis  is  commenced  early  and  continued 
sufficiently  long,  say,  for  one  or  two  years,  there  is  considerable 
probability  of  effecting  a  permanent  cure.  We  have  absolutely  no 
knowledge  as  to  how  mercury  produces  this  effect,  but  its  well- 
known  antiseptic  properties  lead  one  to  suppose  that  it  may  be 
a  specific  destructive  action  on  the  syphilitic  virus  ;  and  a  specific 
spirochfeta  has  been  lately  described.  The  drug  is  certainly  carried 
by  the  blood  to  the  syphilitic  lesion,  and  is  said  to  be  stored  up  as 
albuminate. 

The  evidence  with  regard  to  the  action  of  mercury  on  nutrition 
is  very  contradictory,  principally  for  two  reasons  :  (i)  the  dosage 
of  the  metal  in  the  different  experiments  which  have  been  under- 
taken has  been  very  varied ;  and  (2)  the  effect  upon  the  digestive 
organs  has  not  received  sufficient  consideration.  It  has  been  found 
that  the  administration  of  small  doses  of  mercury  to  rabbits,  dogs 
and  men  causes  an  increase  in  the  number  of  red  blood-corpuscles, 
while  the  body  gains  weight.  Larger  doses  act  in  the  reverse  way  ■ 
both  the  haemoglobin  and  corpuscles  are  diminished,  and  the  animal 
loses  weight.    It  has  not  been  shown  how  these  effects  come  about. 

Small  doses  of  mercury  diminish  the  amount  of  oxidation  of  the 
tissues,  as  shown  by  variations  in  the  gaseous  interchange,  and 
there  is  a  slight  increase  in  the  nitrogenous  output  in  the  urine. 
They  diminish  the  alkalinity  of  the  blood  by  an  excessive  pro- 
duction of  lactic  acid,  and  also  slightly  increase  the  rate  of  growth 
of  the  bones  in  young  animals.  In  all  these  respects  the  action 
of  mercury  resembles  that  of  phosphorus  and  arsenic. 

The  circulatory  and  respiratory  systems  are  only  indirectly 
affected  during  poisoning. 

Mercury  is  excreted  mainly  by  the  csecum  and  colon,  and  is  dis- 
charged in  the  faeces  as  the  sulphide.  Some  is  excreted  in  the  urine 
and  saliva.  After  the  administration  of  the  perchloride  bv  the 
mouth  the  metal  can  be  detected  in  the  urine  in  two  hours,  and 
in  the  saliva  in  about  four  hours.  During  its  excretion  by  the 
kidneys  it  cau.ses  slight  irritation,  and  somewhat  increases  the  flow 
of  urine.  Large  doses  of  mercury  produce  acute  nephritis  and 
necrosis  of  the  epithelium  of  the  tubules  :  the  necrosed  tubules 
are  often  filled  with  a  deposit  of  calcium  ])hosj)hate.  This  action 
on  the  kidneys  is  imj^ortant,  for  albumen  and  casts  are  not  infre- 
quently found  in  the  urine  of  .syphilitic  patients  undergoing  mer- 
curial treatment,  and  necessitates  the  treatment  being  stopped  for 
a  time.  The  elimination  of  mercury,  like  that  of  the  other  metals 
is  slow.  It  quickly  pa.sses  out  of  the  blood  and  becomes  fixed  in 
the  tissues.  It  is  then  found  in  largest  amount  in  the  liver,  .s])leen 
and  kidneys  :  some  is  also  found  in  the  mucous  membrane  of  the 
cfecum  and  colon,  no  doubt  in  jiroccss  of  excretion. 
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Mercurial  poisoning  may  be  acute  or  chronic.  Supposing  a 
drachm  of  corrosive  subhmate  has  been  swallowed,  there  is  immediate 
burning  in  the  moath  followed  by  intense  gastric  ])ain.  Vomiting, 
colicky  pains,  and  great  abdominal  tenderness  follow  ;  later  this 
is  succeeded  by  tenesmus,  purging,  and  sometimes  suppression  of 
urine.    Death  ensues  in  the  course  of  a  few  hours  from  collapse. 

The  best  antidote  is  all)umen,  such  as  egg-white,  wheat-flour  and 
milk  :  emetics  must  follow,  otherwise  the  mercury  may  be  ab- 
sorbed. Common  salt  should  not  be  used  as  an  emetic,  as  this 
would  increase  the  solubility  of  the  albuminate. 

The  repeated  ingestion  of  small  doses  of  mercury  leads  to  pro- 
nounced salivation,  foetid  breath,  swollen  and  ulcerated  gums, 
and  may  induce  periostitis  of  the  bone  ;  there  may  be  also,  nausea, 
colicky  pains  and  some  diarrh'oea.  Perhaps  the  most  characteristic 
effect  of  chi-onic  poisoning  is  the  mercurial  paralysis.  It  especially 
affects  those  who  are  exposed  to  the  ftimes  of  the  drug,  such  as 
the  makers  of  barometers,  thermometers  and  water-gilders.  The 
tongue,  hps  and  upper  Umbs  are  affected  first,  but  later  the  whole 
muscular  system  may  be  involved.  All  voluntary  movement 
is  associated  with  tremors,  which  are  observed  only  when  the  muscles 
are  acting,  and  cease  during  sleep.  Delirium  and  mania  are 
observed  occasionally.  Chronic  mercurial  poisoning  also  affects 
metabolism,  and  gives  rise  to  cachexia  and  fatty  degeneration  of 
the  various  organs  as  in  the  case  of  phosphorus. 


MATERIA  MEDICA 

1.  Hydrargyrum. 

Preparations  containing  Free  Mercury 

1.  Hydrargyrum  cum  Creta.— Grey  powder,    i  of  mercur>^  with  2  of 

chalk.  The  mercury  is  liable  to  become  mercuric  oxide  with 
age. 

Dose,  I  to  5  grs. 

2.  Emplastrum  Hydrargyri.— i  in  3  of  mercury. 

3.  Emplastrum  Ammoniaci  cum  Hydrargyro.— i  in  5  of  mercury. 

4.  Linimentum  Hydrargyri.— Containing  ammonia  and  camphor. 

I  in  6  of  mercury. 

5.  Pilula  Hydrargyri.— Bhie  pill,    i  in  3  of  mercury. 

Dose,  4  to  8  grs. 

6.  Unguentum  Hydrargyri.— Blue  ointment,    i  in  2  of  mercury. 

7.  Unguentum  Hydrargyri  Compositum.— Scott's  ointment.  Con- 

tains camphor,     i  in  5  of  mercury. 

2.  Hydrargyri  Perchloridum— Corrosive  sublimate.  HgCl...  Dose, 
rh  to  tV  gr. 

Preparations 

I.  Liquor  Hydrargyri  Perchloridi. — ]^  gr.  to  i  dr. 
Dose,  30  to  60  m. 
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2.  Lotio  Hydrargyri  Flava. — Yellow  wash.    The  yellow  oxide  is 

formed  by  means  of  lime  water  thus  : — HgCl^  +  CaH.,0.,= 
HgO  +  CaCU  +  H„0.    2  grs.  in  the  oz. 

3.  Hydrargyri  Subchloridum. — Calomel.    Dose,  i  to  S  grs. 

Prep.a.r.\tions 

1.  Pilula    Hydrargyri    Subchloridi    Composita. — Plnmmer's  pill. 

Calomel,  I  ;  sulphuretted  antimony,  i  ;  calomel,  i  in  4^. 
Dose,  4  to  8  grs. 

2.  Lotio   Hydrargyri   Nigra. — Black  wash.    Mercurous   oxide  is 

formed  by  the  addition  of  lime  water  thus  : — Hg,Cl.,  +  CaHp., 
=  HgjO  +  CaCljH-  H3O,  and  is  suspended  in  mucilage,  3  grs. 
to  I  oz. 

3.  Unguentum  Hydrargyri  Subchloridi. — 10  per  cent. 

4.  Hydrargyri  Oxidum  Rubrum. — HgO.    Dose,  J  to  i  gr. 

Preparation 

Unguentum  Hydrargyri  Oxidi  Rubri. — 10  per  cent.    Red  precipi- 
tate ointment. 

5.  Hydrargyri  Oxidum  Flavum. — HgO. 

Preparation 
Unguentum  Hydrargyri  Oxidi  Flavi. — 2  per  cent. 

6.  Hydrargyri  Oleas. 

Preparation 
Unguentum  Hydrargyri  Oleatis. — i  in  4. 

7.  Hydrargyri  lodidum  Rubrum. — Hgl.,.    Dose,       to  j\  gr. 

Preparations 

1.  Liquor    Arsenii    et    Hydrargyri    lodidi. — Donovan's  solution. 

Equal  parts  of  arsenious  and  mercuric  iodides  in  water. 
I  per  cent,  of  each  iodide. 
Dose,  5  to  20  m. 

2.  Unguentum  Hydrargyri  lodidi  Rubri. — 4  per  cent. 

8.  Liquor  Hydrargyri  Nitratis  Acidus. — Contains  60  per  cent. 
HgCNOj),,  with  about  1 1  per  cent.  HNO3. 

9.  Unguentum  Hydrargyri  Nitratis.--Citrine  ointment. 

Preparation 
Unguentum  Hydrargyri  Nitratis  Dilutum.— i  in  5. 

10.  Hydrargyrum  Ammoniatum.— White  precipitate,  NH,HgCl. 
Prepared  from  ammonia  and  corrosive  sublimate  :  

HgCl,+  2NH,„0H  =  NH,HgCl  +  NH.Cl  +  2Hfi. 

Preparation 

Unguentum  Hydrargyri  Ammoniati.— White  jirecipitate  oint- 
ment.    10  per  cent. 
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IRON 

Iron  is  essential  for  life  in  the  higher  plants  and  animals.  Its 
presence  is  especially  important  on  account  of  its  relation  to  pigment 
formation.  Chlorophyll,  the  green  colouring-matter  of  plants, 
is  not  formed  in  the  absence  of  iron  ;  and  the  metal  enters  into  the 
composition  of  the  hfemoglobin  of  animals.  In  the  body  hemo- 
globin is  always  being  broken  down  and  excreted  as  colouring- 
matter  in  the  urine  and  faeces,  and,  therefore,  iron  must  be  absorbed 
into  the  system  to  replace  the  loss  :  under  ordinary  conditions 
this  is  provided  in  the  vegetable  and  animal  substances  of  the  food. 

The  local  action  of  iron  salts  is  like  that  of  other  metals  The 
insoluble  preparations  have  no  effect  on  the  skin  or  alimentary 
canal  except  in  so  far  as  they  are  converted  into  soluble  compounds 
by  the  excretions.  Thus,  ferrous  carbonate  is  partially  converted 
into  ferrous  chloride  in  the  stomach,  and  so  the  properties  of  this 
latter  soluble  salt  are  developed. 

Ferrous  salts  combine  with  albumen  and  gelatin,  forming  soluble 
compounds  which  are  neither  irritating  nor  corrosive.  Ferric  salts, 
however,  precipitate  albumen,  with  which  they  form  an  insoluble 
compound  ;  they  are  in  consequence  irritant  and  astringent. 
For  this  reason  ferric  chloride  is  used  as  a  styptic,  that  is,  a  drug 
which  stops  bleeding ;  for  example,  after  post-partum  hcxmorrhage 
the  cavity  of  the  uterus  is  sometimes  swabbed  with  a  strong  solution 
of  ferric  chloride,  where  it  acts  by  coagulating  the  proteids  of  the 
blood.  This  is  not  without  danger,  as  clots  have  been  known 
to  escape  into  the  circulation  and  cause  embolism.  The  soluble 
and  dissociable  salts  of  iron  are  antiseptic  and  disinfectant,  prin- 
cipally by  reason  of  their  action  on  albumen. 

If  salts  of  iron  are  taken  by  the  mouth  as  a  medicine  they  have 
a  characteristic  chalybeate  taste,  and  blacken  the  gums  and  teeth. 
On  reaching  the  stomach,  they  exercise  an  astringent  action, 
and  if  used  over  a  prolonged  period  cause  dyspepsia.  In  the  intes- 
tines the  astringent  action  of  iron  is  continued  and  results  in  con- 
■j-tipation ;  the  fasces  become  hard,  drv  and  black,  the  last  from 
the  formation  of  iron  sulphide. 

Large  doses  of  the  more  corrosive  iron  salts  induce  vomiting, 
abdominal  jxain,  and  sometimes  diarrhoea,  followed  by  colla]-)Pc 
and  death. 
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If  the  metal  in  the  form  of  the  double  salt  of  iron  and  soda  is 
injected  into  animals  it  produces  violent  vomiting,  diarrhoea,  and 
again,  death  from  collapse.  There  is  also  a  gradually  increasing 
paralysis  of  the  central  nervous  system,  sometimes  associated 
with  a  few  convulsive  movements.  The  urine  contains  blood, 
albumen  and  casts,  and  post-mortem  the  kidney  is  found  inflamed. 
These  effects  are  only  of  scientific  interest,  for  when  the  drug  is 
given  by  the  mouth  symptoms  of  this  kind  are  never  developed. 
Nevertheless,  a  very  small  percentage  of  the  iron  taken  by  the 
mouth  is  absorbed  and,  after  passing  into  the  system,  excreted 
by  the  large  intestine.  It  is  probable  that  the  other  heavy  metals 
are  absorbed  and  excreted  in  a  similar  manner ;  but  as  the  move- 
ments of  this  metal  in  the  body  have  been  worked  out  more  fuUy, 
they  wUl  serve  as  a  type  for  all.  When  the  amount  of  iron  present 
in  the  alimentary  canal  is  small,  absorption  goes  on  from  ab'mited 
portion  of  the  small  intestine,  beginning  an  inch  or  two  from  the 
pylorus  and,  in  the  case  of  man,  extending  only  some  twelve  to 
twenty  inches  downwards.  In  whatever  form  the  iron  reaches 
the  stomach,  probably  a  portion  of  it  is  converted  by  the  hydro- 
chloric acid  into  ferrous  chloride,  in  which  form  it  combines  with 
albumen,  and  on  reaching  the  duodenum  is  decomposed  by  the 
alkali  into  the  carbonate  :  many  of  the  organic  salts  of  iron  do  not 
undergo  this  change  into  the  insoluble  carbonate.  But  whether 
the  iron  is  present  in  a  soluble  or  in  an  insoluble  form,  absorption* 
of  iron  granules  takes  place  through  the  epithelial  cells.  These 
granules  are  taken  up  by  the  leucocytes  of  the  mucosa,  and  ulti- 
mately are  carried  into  the  portal  vein,  although  some  find  their 
way  into  the  mesenteric  glands.  Iron,  like  most  of  the  metals, 
is  excreted  more  slowly  than  it  is  absorbed.  The  excess  is  stored 
up  in  the  liver,  and  to  some  extent  in  the  spleen  and  bone-marrow. 
In  the  liver  the  iron  enters  into  more  or  less  complex  combination 
with  albumens,  and  one  such  body,  ferratin,  has  been  isolated  by 
Schmiedeberg.  It  contains  a  projoortion  of  iron  varying  from 
4  to  8  per  cent.  The  liver  should  be  regarded  not  only  as  a  store- 
house for  iron  but  a  place  in  which  it  can  be  worked  up  into  more 
or  less  complex  ferruginous  organic  compounds,  to  be  again  doled 
out  to  the  bone-marrow  as  required  for  the  manufacture  of  the  red 
blood-corpuscles. 

The  liver  thus  prepares  the  iron  for  hjemoglobin  formation,  and 
the  organ  appears  to  be  indifferent  as  to  the  form  in  which  the  iron 
reaches  it. 

Excretion  takes  place  by  the  rectum  ;  but  a  minute  aniount  is 
also  discharged  in  the  urine.  That  iron  is  absorbed  and  excreted 
in  the  manner  described,  the  following  experiments  show  : — 

(i)  Microscopical. — If  a  meal  containing  some  iron  is  given  to 
an  animal,  and  if  after  a  suitable  interval  it  is  killed  and  various 
parts  of  the  alimentary  canal  are  hardened  in  alcohol,  microscopical 
sections  of  these  show  distinct  evidence  of  iron  in  process  of  absorp- 
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tion  and  excretion.  The  stains  most  suitable  lor  demonstrating 
the  iron  are:  (a)  potassium  ferrocyanide  and  hydrochloric  acid, 
which  colour  the  granules  blue  but  have  no  effect  on  haemoglobin  ; 
and  (b)  ammonium  sulphide,  which  stains  the  granules  black. 

Fig.  8.3  shows  a  section  across  the  duodenum  stained  with  ammo- 
nium sulphide,  in  which  the  absorption  of  iron  can  be  followed 
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Fig.  83. — Absorption  of  Iron  from  the  Intestinal  Mucosa. 

A  =  section  of  a  villus  of  a  guinea-pig  (low  power)  stained  with  ammonium  sulphide.  The 
position  of  the  iron  during  absorption  is  shown  bv  the  dark  portions.  B  =  a  portion  of  the 
same  under  a  high  power.  Note  the  presence  of  iron  in  the  epithelial  cells,  at  c  ;  from  these  it 
is  transferred  either  to  the  blood-plasma  or  to  the  sub-epithelial  leucocytes  and  so  to  the 
general  circulation.  Granules  of  iron  sulphide  in  the  leucocytes  are  shown  in  the  figure  at 
(/.  c  represents  a  small  capillary.  (The  intestine  was  laid  open  immediately  after  removal, 
was  quicldy  washed  free  from  adherent  food  and  dropped  into  alcohol.! 


through  the  mucous  membrane  to  the  leucocytes  in  the  manner 
already  described.  Such  preparations,  of  course,  can  be  obtained 
only  from  the  limited  portion  of  the  duodenum  and  rectum  where 
absorption  and  excretion  respectively  occur. 

(2)  Chemical. — If  an  animal  which  has  had  a  meal  containing  iron 
is  killed,  and  if  its  alimentary  canal  is  slit  up,  pinned  out  on  a 
suitable  surface,  and  painted  with  ammonium  sulpliHe  solution. 
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two  zones  are  conspicuously  stained  black,  one  in  the  duodenum 
and  the  other  in  the  rectum.  If  the  mucous  membrane  is  washed, 
separated  from  the  muscular  tissue,  and  cut  transversely  into  a 
number  of  pieces,  the  organic  matter  can  be  burnt  off,  and  the  exact 
amount  of  iron  in  each  segment  determined.  It  is  much  greater 
in  the  duodenum  than  in  the  rest  of  the  small  intestine,  and  it  is  found 
again  in  considerable  amount  in  the  rectum. 

Another  method  of  demonstrating  absorption  is  to  feed  two  sets 
of  mice  on  cheese,  that  supplied  to  one  set  containing  iron.  After 
a  week  all  the  mice  are  killed,  skinned,  and  deprived  of  their  alimen- 
tary canals ;  and  the  amount  of  iron  in  their  tissues  is  estimated. 
The  analyses  show  that  those  fed  on  cheese  containing  iron 
always  yield  a  far  larger  percentage  of  the  metal  than  the  other 
set,  sometimes  nearly  twice  as  much  ;  nevertheless,  there  is  a  limit 
to  the  absorption  of  iron  compounds  by  the  body,  to  overstep 
which  means  death.  Again,  if  goats  are  supplied  with  iron  in  their 
food  their  milk  contains  an  increased  percentage  of  the  metal. 
But  perhaps  the  most  conclusiveproof  is  the  following  :— An  animal 
upon  which  colotomy  had  been  performed  was  treated  with  iron 
by  the  mouth.  The  lower  portion  of  the  gut  was  washed  out  daily 
and  the  washings  analysed.  Although  the  upper  bowel  discharged 
by  way  of  the  colotomy  wound,  yet  a  small  amount  of  the  drug  was 
found  m  this  lower  gut,  where  it  could  only  have  arrived  by  a  process 
of  excretion. 

There  is.  then,  very  definite  evidence  that  iron  is  absorbed 
stored  up  in  the  body,  and  ultimately  excreted  into  the  rectum 

Iron  is  used  principally  in  the  treatment  of  ansmia.  If  the 
antemia  is  that  due  to  simple  loss  of  blood,  unaided  recovery 
gradually  takes  place,  but  if  iron  is  given  the  blood  improves  much 
more  rapidly.  In  the  anaemia,  which  may  follow  any  form  of  disease 
iron  also  improves  the  blood  and  so  favours  the  recovery  of  the 
jmtient.  The  principal  use  of  this  drug  is  in  chlorosis.  This  is  an 
anccmia  especially  common  in  young  girls,  and  probably  due  to 
the  non-absorption  of  iron  by  the  alimentary  canal,  "in  these 
cases  there  is  a  great  deficiency  of  heemoglobin  in  the  blood  but 
the  number  of  red  corpuscles  is  comparatively  unaltered  so  that 
each  corpuscle  becomes  paler.  Bunge  believes  that  the  iron  which 
IS  absorbed  normally  is  obtained  from  the  organic  iron  of  the  food 
and  in  chlorosis  he  considers  that  digestion  is  disturbed  by  the 
formation  of  sulphides,  and  that  these  form  sulphide  of  iron  which 
cannot  be  absorbed.  When  inorganic  iron  is  administered  it 
neutralises  the  sulphides,  and  thus  protects  the  organic  iron  in  the 
food,  which  IS  then  absorbed.  Before  discussing  this  hypothesis 
It  must  be  remembered  that  the  anjemia  is  due  solely  to  a  deficiency 
of  iron,  and  is  brought  about  by  inefficient  absorption  from  the 
alimentary  canal.  Consequently,  iron  preparations  administered 
subcutaneously  should  cure  chlorosis,  and  this  is  found  to  be  the 
case  no  matter  in  what  form  the  iron  is  injected.    According  to 
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Bunge's  hypothesis  ferrous  sulphide  given  by  the  mouth  sliould 
not  cure  the  disease  ;  but  it  does  so.  It  must  not  be  forgotten 
that  some  of  this  sulphide  of  iron  may  be  rendeied  soluble  in  the 
stomach  and  duodenum,  and  may  then  produce  the  ordinary  effect 
of  iron.  Bismuth  and  manganese  take  up  sulphides  quite  as  well 
as  iron,  but  they  do  not  cure  anemia.  On  the  whole,  Bunge's 
speculation  that"  sulphides  in  the  bowel  bring  about  chlorosis 
finds  little  support  from  the  evidence  at  present  available.  There 
is  no  doubt  that  some  unknown  factor  is  at  work  limiting  the  normal 
absorption  of  iron. 

An  increase  in  the  blood-plasma  has  been  put  forward  as  a  cause 
of  chlorosis,  but  this  is  probably  only  a  secondary  effect. 

In  "pernicious  anemia"  there  is  increased  breakdown  of  red 
blood-corpuscles  and  a  relatively  insignificant  deficiency  of  hjemo- 
globin  in  the  corpuscle  ;  here  the  sound  corpuscles  are  destroyed. 
This  condition  rarely  improves  after  iron. 

Iron  should  be  given  after  meals  to  minimise  its  local  action 
upon  the  alimentary  canal.  All  preparations  of  iron  cure  chlorosis, 
and  the  choice  of  a  preparation  must  be  guided  by  the  condition 
of  the  gastro-intestinal  tract. 

MATERIA  MEDIC  A 

1.  Ferrum. — Iron  wire  free  from  oxide. 

Preparation 

Vinum  Ferri. — Made  with  sherry,    i  in  20. 
Dose,  I  to  4  drs. 

2.  Ferrum  Redactum.— Reduced  iron.    Contains  about  25  per  cent, 
of  oxide.    Dose,  i  to  5  grs. 

Preparation 
Trochiscus  Ferri  Redacti, — i  gr.  in  each. 

3.  Ferri  Sulphas.— FeS0,.7H,0.    Dose,  i  to  5  grs. 

Preparation 

Mistura  Ferri  Composita.— "  Griffith's  mixture."  Ferrous  sul- 
phate, potassium  carbonate,  myrrh.  It  contains  iron  carbo- 
nate, for  the  iron  sulphate  and  the  potassium  carbonate  react 
together. 

Dose,  I  to  I  oz. 

4.  Ferri  Sulphas   Exsiccatus.— 2FeSO,.3H,0.     Dried  sulphate  of 
iron.    Dose,  i  to  3  grs. 

Preparations 

I.  Pilula  Ferri.— Blaud's  pill.  Contains  exsiccated  ferrous  sul- 
phate and  exsiccated  sodium  carbonate.  Each  contains  i  gr. 
ferrous  carbonate  ;  the  same  change  takes  place  as  in  Mistura 
Ferri  Composita. 

Dose,  5  to  15  grs. 
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2.  Pilula  Aloes  et  Ferri. 

Dose,  4  to  8  grs. 

5.  Liquor  Ferri  Perchloridi  Fortis. — Contains  about  22  per  cent.  o£ 
iron. 

Preparations 

1.  Liquor  Ferri  Perchloridi. — i  in  4. 

Dose,  5  to  15  m. 

2.  Tinctura  Ferri  Perchloridi. — i  in  4. 

Dose,  5  to  15  m. 

6.  Liquor  Ferri  Persulphatis. — Fe2(SOj3. 

7.  Liquor  Ferri  Pernitratis. — Fe^^NOg),..  Contains  3.3  per  cent,  of 
iron.    Dose,  5  to  15  m. 

8.  Liquor  Ferri  Acetatis. — Fe,(C,H30,)g.  Contains  7.5  per  cent.  iron. 
Dose,  5  to  15  m. 

9.  Ferrum  Tartaratum. — Soluble  i  in  4  in  water.    Dose,  5  to  10  grs. 

10.  Ferri  et  Ammonii  Citras. — Very  soluble  in  water.  Contains  16 
per  cent.  iron.    Dose,  5  to  10  grs. 

Preparation 

Vinum  Ferri  Citratis. — Made  with  orange  wine. 
Dose,  I  to  4  drs. 

11.  Ferri  et  Quininae  Citras. — Ver^-  soluble  in  water.  Dose,  5  to 
10  grs. 

12.  Ferri  Arsenias. — It  consists  of  ferrous  and  ferric  arsenates  with  a 
little  iron  oxide.    Dose,  Jg-  to  ^  gr.  as  a  pill. 

13.  Ferri  Phosphas. — Consists  of  ferrous  phosphate,  ferric  phos- 
phate and  iron  oxide.    Dose,  5  to  10  grs. 

Preparations 

1.  Syrupus  Ferri  Phosphatis. — i  gr.  of  ferrous  phosphate  in  each 

drachm. 

Dose,  I-  to  I  dr. 

2.  Syrupus  Ferri  Phosphatis  cum  Quinina  et  Strychnina. — Easton's 

syrup.    Each  dr.  represents  i  gr.  of  ferrous  phosphate,  4  gr. 
of  quinine  sulphate,  and  -^^  gr.  of  strychnine. 
Dose,  i  to  I  dr. 

14.  Ferri  Carbonas  Saccharatus. — Ferrous  oxycarbonate,  .TFeCO^yFe 
(OH)^,  mixed  with  sugar.  The  carbonate,  FeCOj,  forms  about  one- 
third  of  the  mixture  ;  it  is  an  unstable  body  and  is  slowly  transformed  to 
ferric  hydrate,  Feg(OH)g.    Dose,  10  to  30  grs. 

15.  Syrupus  Ferri  lodidi. — Contains  about  1.8  per  cent,  of  iron.  Dose, 
30  to  60  m. 

Unofficial  Drugs.- — Of  the  proteid  compounds  of  iron  the  following 
are  some  of  the  more  important  : — 

Ferratin. — -The  form  in  which  iron  exists  in  this  substance  is  said 
to  be  identical  with  that  in  which  it  exists  in  the  liver.  It  is 
partially  decomposed  in  the  stomach  into  inorganic  salts.  It 
contains  about  7  per  cent,  of  iron.    Dose,  8  to  20  grs. 
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Haematogen  and  Carniferrin  are  organic  compounds  of  the  same  type 
as  Ferratin. 

Hsemoglobin  has  been  lately  employed.  It  is  converted  to  ha?matin 
in  the  stomach,  and  for  the  most  part,  ii  not  entirely,  it  passes 
through  the  bowels  without  being  absorbed. 

Haemol  and  Haemogallol  are  prepared  by  the  action  of  reducing 
agents  on  blood. 

In  the  treatment  of  chlorosis  the  organic  compounds  are  all  dis- 
tinctly inferior  to  the  inorganic  preparations.  They  have  the 
advantage  of  being  non-irritant  to  the  stomach,  but  in  the 
future  they  will  probabl}-  be  used  less  and  less. 
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METALS  USED  FOR  THEIR  ASTRINGENT  PROPERTIES 

Lead,  Bismuth,  Cerium,  Silver,  Aluminium,  Copper, 
Zinc,  Chromium,  Manganese 

LEAD 

Lead  is  used  in  medicine  as  an  astringent  application  during  in- 
flammation of  the  skin.  It  is  also  employed  in  various  forms  of 
diarrhoea,  and  occasionally  with  the  object  of  stopping  internal 
haemorrhage. 

Solutions  of  lead  precipitate  albumen  :  the  albuminate  is  dense 
and  heavy,  and  is  not  soluble  in  excess  of  albumen  nor  in  neutral 
salt  solutions.  Therefore,  when  such  a  precipitate  is  formed  upon 
a  mucous  membrane,  it  affords  a  protection  against  the  further 
penetration  of  the  metal.  The  salt  of  lead  most  generally  employed 
for  this  purpose  is  the  acetate,  in  which  the  irritation  of  the  acetic 
acid  is  so  shght  that  it  may  be  neglected,  and  the  effect  of  applying 
such  a  solution  may  be  regarded  as  that  of  the  astringent  action 
of  the  metallic  ion  alone. 

When  lead  is  taken  by  the  mouth  lead-albuminate  is  formed,  only 
a  trace  of  which  is  taken  into  the  system.  The  absorption  goes  on 
very  slowly,  and  the  effect  of  a  sudden  absorption  of  lead  in  man, 
such  as  may  occur  with  mercury,  is  unknown.  Nevertheless, 
it  reaches  the  blood  more  rapidly  than  the  other  heavy  metals 
except  mercury,  and  is  very  gradually  stored  up  in  the  tissues  : 
as  it  is  excreted  even  slower  than  it  is  absorbed,  cumulation  occurs. 
In  these  days  when  lead  is  so  extensively  used  for  all  kinds  of 
industrial  purposes,  among  which  we  receive  our  drinking  water 
through  lead  pipes,  plumbism  is  so  common  that  it  is  convenient 
to  consider  the  pharmacology  of  the  metal  from  the  cases  of  chronic 
poisoning. 

The  first  sign  of  poisoning  may  be  ancemia,  with  a  disagreeable 
metallic  taste  in  the  mouth  when  waking  in  the  morning.  Some- 
times colic  is  the  first  symptom  of  which  the  patient  complains  : 
it  begins  with  a  severe  pain  in  the  abdomen  near  the  umbilicus 
and  is  accompanied  by  obstinate  constipation  and  often  by  vomiting. 
This  colic  is  probably  muscular  in  origin.  Lead,  like  barium,  has 
a  specific  action  on  muscle-fibre;  it  increases  the  tonus  and  excites 


A  MANUAL  OF  PHARMACOLOGY 


automatic  contractions  in  all  plain  muscular  tissue  throughout  the 
body.  Drugs  which  excite  any  part  of  the  motor  nervous  mechanism 
of  the  intestines  increase  the  peristalsis,  that  is,  produce  a  co- 
ordinated series  of  muscular  contractions  resulting  in  the  more 
rapid  passage  downwards  of  the  intestinal  contents.  But  drugs 
hke  barium  or  lead  do  not  act  so :  they  excite  the  muscle  directly, 
and  produce  localised  rings  of  contraction  in  parts  of  the  gut; 
these  gradually  relax,  and  the  contraction  rings  pass  to  another 
portion  of  the  gut,  but  there  is  no  ordered  sequence  and  no  pro- 
nounced increase  of  peristalsis.  This  effect  is  easy  to  observe, 
and  can  still  be  obtained  in  a  piece  of  isolated  intestine  from  which 
Auerbach's  plexus  has  been  removed. 

The  effect  on  the  uterus  is  another  example  of  the  action  of  lead 
on  plain  muscle.  Women  exposed  to  the  fumes  of  lead  suffer 
from  menorrhagia,  and  if  pregnant  they  commonly  miscarry. 
The  ecbolic  action  of  lead-salts  is  beyond  all  dispute.  The  action 
on  plain  muscle  is  also  seen  in  the  vascular  system  :  the  peripheral 
vessels  become  constricted  and  the  blood-pressure  rises.  This 
contraction  of  the  vessels  was  formerly  thought  to  be  reflex  caused 
by  the  pain  ;  it  is  well  recognised  that  any  severe  and  sudden  pain 
or  emotion  will  send  up  the  blood-pressure,  but  this  is  not  the 
cause  here,  for  in  chronic  lead  poisoning  the  contraction  of  the 
vessels  is  permanent,  while  the  pains  are  spasmodic.  Lead  affects 
the  heart-muscle  in  much  the  same  way  :  it  increases  the  tonus 
of  the  heart,  but  not  its  power  of  doing  work  ;  on  the  contrary, 
the  actual  efficiency  of  the  heart  is  diminished. 

One  characteristic  sign  of  the  presence  of  lead  in  the  system  is 
the  blue  line  which  occurs  at  the  margin  of  the  gums  and  teeth. 
It  is  due  to  a  deposit  of  lead  sulphide  in  the  tissues  around  the 
vessels  as  the  lead  passes  out  from  the  blood,  the  sulphur  being 
provided  by  the  tartar  of  the  teeth.  In  some  instances  the  tongue 
also  may  become  blue.  Bismuth  and  silver  salts,  if  taken  over  a 
prolonged  period,  have  been  known  to  produce  a  somewhat  similar 
bluish-black  line  on  the  gums. 

In  some  people  lead  seems  especially  to  pick  out  the  nervous 
system  for  attack.  A  common  feature  of  chronic  poisoning  is 
paralysis  of  the  extensors  of  the  wrists  and  fingers,  leading  to 
"  wrist-drop."  In  this  extensor  paralysis  the  supinator  longus 
is  unaffected.  The  paralysed  muscles  quickly  atrophy  and  give 
the  reaction  of  degeneration.  The  effect,  in  probably  every  case, 
begins  as  a  neuritis,  hke  that  of  arsenic.  Microscopical  sections 
of  such  nerves  show  an  increase  in  their  connective  tissue.  Changes 
are  sometimes  found  in  the  anterior  horns  of  the  grey  matter  of 
the  cord,  in  the  cells  of  the  posterior  roots  and  in  the  brain,  but 
these  are  probably  secondary  to  the  interstitial  neuritis. 

Lead  has  a  direct  action  on  striped  muscle,  which  becomes  very 
easily  exhausted,  and  loses  its  power  of  responding  to  stimulation. 
It  is  similar  to  that  shown  in  Fig.  37,  which  represents  the  contractions 
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of  a  frog's  gastrocnemius  as  the  result  of  single  induction  shocks, 
taken  some  hours  after  an  injection  of  cocaine.  In  chronic  lead 
poisoning  the  muscle-fibres  are  sometimes  degenerated,  and  the 
nuclei  in  the  interstitial  tissue  increased  in  number. 

Workers  in  lead  may  be  affected  with  epileptiform  convulsions, 
in  which  they  die,  or  recover  often  to  find  themselves  blind.  An 
examination  of  the  retina  in  these  cases  reveals  optic  neuritis, 
retinitis  and  sometimes  ha?morrhages.  This  effect  is  not  always 
the  I'esult  of  uraemia,  as  it  occurs  when  there  is  neither  albumen  in 
the  urine  nor  other  signs  of  nephritis.  Affections  of  the  cerebrum 
occasionally  occur,  and  are  shown  by  general  muscular  weakness, 
staggering  gait,  trembling  lips  and  tongue,  embarrassment  of 
speech  and  loss  of  memory.  Somewhat  similar  symptoms  can 
be  obtained  in  animals  by  the  injection  of  lead,  thus,  dogs  show 
tremors,  chorea  and  epileptiform  convulsions.  In  most  cases 
these  convulsions  are  due  to  the  special  action  of  the  lead  on  the 
cerebral  cells,  which  post-mortem  are  found  degenerated ;  but  they 
are  not  always  so  caused,  for,  on  chemical  analysis  of  the  brain 
after  death  dm'ing  convulsions,  it  is  common  to  find  no  trace  of 
the  metal  in  the  cerebrum.  In  these  cases  the  convulsions  are 
ursemic. 

Excretion  is  gradual,  and  takes  place  mainly  by  the  faeces 
in  the  form  of  lead  sulphide,  and  slightly  by  the  kidneys  in  some 
organic  combination  ;  the  urine  generally  contains  only  a  trace  of 
lead,  less  than  one  milhgram  a  day.  The  gradual  action  of  the 
lead  on  the  kidneys  leads  to  inflammation  of  the  interstitial  tissue, 
and  ultimately  to  contracted  granular  kidney.  At  first  there  is 
generally  some  inflammation  of  the  tubules,  and  later  in  the  disease 
the  interstitial  proliferation  is  most  marked.  The  ordinary  symp- 
toms of  contracted  granular  kidney  follow. 

Lead  diminishes  the  excretion  of  uric  acid,  and  is  regarded  as 
a  predisposing  cause  of  gout. 

The  treatment  of  chronic  lead  poisoning  should  be  preventive 
as  well  as  curative.  If  lead  salts  have  been  taken  by  the  mouth, 
the  administration  of  drinks  containing  sulphuric  acid  will  form  the 
insoluble  sulphate  of  lead.  Milk  or  albumen  may  also  be  given 
to  form  the  lead  albuminate. 

When  the  lead  is  in  the  system  potassium  iodide  aids  in  its 
excretion.  Olive  oil  and  morphine  may  be  used  to  relieve  the 
colic. 

MATERIA  MEDICA 

I.  Plumbi  Acetas.— Pb(C2H30jX,3H.p.  Sugar  of  lead.  Soluble  to 
40  per  cent,  in  water.    Dose,  i  to  5  grs. 

Preparations 

I.  Pilula  Plumbi  cum  Opio. — Lead  acetate,  6;   opium,  i.    i  of 
opium  in  8. 

Dose,  2  to  4  grs. 
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2.  Suppositoria  Plumbi  Composita. — i  gr.  oi  opium  and  3  grs.  lead 

acetate  in  eacli. 

3.  Unguentum  Plumbi  Acetatis. — 4  per  cent. 

4.  Liquor  Plumbi  Subacetatis  Fortis. — 24  per  cent,  of  the  subacetate. 

Ph.piC.Mfi.>),. 

5.  Liquor  Plumbi  Subacetatis  Dilutus. — i  in  80  of  the  strong  solu- 

tion. 

6.  Glycerinum  Plumbi  Subacetatis. 

7.  Unguentum  Glycerin!  Plumbi  Subacetatis. 

2.  Plumbi  Oxidum. — PbO.  Litharge. 

Prepar.\tion 

Emplastrum  Plumbi. — Lead  oleate,  sometimes  called  lead  soap. 
Lead  oxide  is  boiled  in  water  and  olive  oil.    3PbO  +  3H.,0  + 
2(C3H,,3C,3H330,)  =  3(Pb2C„H,3O,0,  lead  oleate,   +  2(C3H„ 
3 OH),  glycerin. 
Emplastrum  Plumbi  is  contained  in  Emplastra  Hydrargyri, 
Plumbi  lodidi,  Resinae,  and  Saponis. 

3.  Plumbi  Carbonas. — A  mixture  of  carbonate  and  hydrate,  2(PbC03) 
Pb(OH),.    White  lead. 

Preparation 

Unguentum  Plumbi  Carbonatis. — i  with  10  of  paraffin. 

4.  Plumbi  lodidum. — Lead  iodide.  Pbl^. 

Preparations 

1.  Emplastrum  Plumbi  lodidi. 

2.  Unguentum  Plumbi  lodidi. 

BISMUTH 

Bismuth  salts  are  not  prescribed  for  their  effect  after  absorption 
but  entirely  for  their  local  action.  The  subnitrate  and  other 
preparations  are  sometimes  employed  externally  as  dusting- powders  ; 
the  former  is  considered  to  be  astringent  and  antiseptic.  Both 
actions  depend  upon  free  nitric  acid  which  is  hberated  in  the  presence 
of  water.  It  is  also  used  as  a  snuff  in  irritable  conditions  of  the 
nasal  mucous  membrane.  The  bismuth  salt  per  se  acts  purely  as 
a  protective.  Nevertheless,  cases  of  poisoning  have  arisen  from 
the  use  of  the  subnitrate. 

When  given  by  the  mouth,  the  preparations  of  bismuth  act  physi- 
cally ;  they  form  an  adhesive  coating  on  the  wall  of  the  stomach 
and  so  protect  it  from  the  irritation  of  the  food  and  secretions  ; 
some  of  them,  such  as  the  subnitrate,  are  also  mild  astringents  and 
antiseptics.  Being  heavy,  these  salts  also  aid  the  stomach  in 
removing  the  mucoid  sUme,  which  in  diseased  conditions  clings 
to  the  mucous  membrane.  Lower  down  in  the  small  intestine 
they  still  act  as  a  protective  covering  to  the  mucous  membrane, 
and  thus  diminish  the  stimulation  of  the  bowel  by  the  food  and 
secretions  contained    therein,  and  consequently  lessen  ])eristalsis. 


BISMUTH 


395 


Bismuth  salts,  therefore,  act  in  this  situation  much  as  a  lead  lotion 
acts  when  applied  to  an  inflamed  part  of  the  skin ;  they  are  largely 
used  in  all  forms  of  gastric  affection  and  in  diarrhoea.  The  faeces 
become  black  by  the  formation  of  the  sulphide  (Bi.jSy). 

The  foetid  odour  of  the  breath  observed  after  taking  bismuth 
preparations  is  caused  by  tellurium,  which  is  apt  to  be  present  as 
an  impurity.  A  minute  amount  of  bismuth  is  absorbed  by  the 
mucous  membrane  of  the  small  intestine,  but  it  is  extremely  doubtful 
if  symptoms  of  poisoning  can  arise  from  such  administration  under 
ordinary  conditions.  Formerly  the  preparations  of  bismuth 
were  contaminated  with  arsenic  and  other  metals,  so  that  many 
of  the  so-called  cases  of  bismuth  poisoning  were  really  due  to  the 
contaminating  metal.  Since,  however,  the  drug  has  been  used 
as  a  dusting- powder  true  cases  of  poisoning  have  occurred.  They 
generally  begin  with  ulcerations  in  the  mouth  and  other  signs  of 
acute  stomatitis,  which  may  be  so  severe  as  to  lead  to  local  gangrene. 
Vomiting  and  diarrhoea  follow  and  the  urine  generally  contains 
albumen.  Death,  which,  however  is  very  rare,  results  from  collapse. 
Post-mortem  there  is  gastro-enteritis  with  occasional  ulceration ; 
the  csecum  appears  quite  black,  and  the  colouration  extends  through 
the  whole  of  the  bowel  wall.  This  is  due  to  the  excretion  of  the 
bismuth.  It  has  been  suggested  that  the  ulceration,  which  is 
especially  prone  to  occur  near  the  caecum,  might  arise  from  the 
precipitation  of  bismuth  sulphide  in  the  vessels,  so  inducing  a  local 
gangrene.  The  kidneys  also  show  signs  of  inflammation.  If  a 
double  salt  of  bismuth,  such  as  the  ammonio-citrate,  is  injected 
into  a  mammal  somewhat  similar  symptoms  are  produced  :  these 
are  stomatitis  and  gastro-enteritis,  followed  by  periodic  convulsions. 

Bismuth  is  excreted  mainly  by  the  caecum  and  neighbourhood, 
and  to  a  smaller  extent  by  the  kidney.  Bismuth,  when  absorbed, 
is  stored  up  in  the  Hver  like  the  other  heavy  metals.  There  is  no 
reason  to  suppose  that  any  of  the  salts  of  bismuth  differ  mate- 
rially in  their  action.  The  soluble  preparation,  liquor  bismuthi  et 
ammonii  citratis,  is  decomposed  in  the  stomach,  and  the  oxy- 
chloride  is  deposited  as  a  white  precipitate.  Bismuth  subgallate 
(dermatol)  has  been  advocated  as  a  dusting-powder  on  ulcers 
and  burns ;  it  is  less  liable  to  be  absorbed  tlian  some  of  the  other 
salts,  but,  has  no  other  advantages. 


MATERIA  MEDICA 

I.  Bismuthi  Subnitras.— BiONO^.H.O.  Insohible  in  water.  Dose, 
5  to  20  grs. 

Preparation 

Liquor  Bismuthi  et  Ammonii  Citratis.  —Contains  the  equivalent 
of  5  per  cent.  V)i.smutli  oxide. 
Dose,  i  to  I  dr. 


396 


A  MANUAL  OF  PHARMACOLOGY 


2.  Bismuthi  Carbonas. — 2(61,0^003), H^O.    Dose,  5  to  20  grs. 

Preparation 

Trochiscus  Bismuthi  Compositus. — Each  contains  2  grs.  bismutli 

oxycarbonate. 

3.  Bismuthi  Oxidum. — Bi^.O^.    Insoluble  in  water.    Dose,  5  to  20  grs. 

4.  Bismuthi  Salicylas. — Insoluble  in  water.    Dose,  5  to  20  grs. 

CERIUM 

Ceiium  oxalate  is  official.  This  salt  of  the  metal  was  chosen 
because  it  is  the  most  easily  prepared.  It  is  employed  as  a  remedy 
in  the  vomiting  of  pregnancy.  There  is  no  evidence  of  its  absorp- 
tion, and  any  beneficial  results  which  may  accrue  from  its  use 
are  probably  due  to  a  local  protective  action  on  the  gastric  mucous 
membrane,  like  that  of  bismuth. 

MATERIA  MEDICA 

Cerii  Oxalas. — Ce^XCjOJj.gHjO.  Insoluble  in  water.  Dose,  2  to 
10  grs. 

SILVER 

Nitrate  of  silver,  like  the  salts  of  the  other  heavy  metals,  coagu- 
lates albumen,  and  the  precipitate  so  formed  turns  black  under  the 
influence  of  light.  When  this  salt  is  applied  in  the  pure  state  to 
living  tissues  it  forms  a  thick  coating  of  white  albuminate.  The 
caustic  action  is  not  deep  because  the  albuminate  prevents  further 
penetration  by  the  salt.  Lunar  caustic  is  employed  to  destroj^ 
small  growths  on  the  skin. 

Dilute  solutions  of  silver  nitrate  are  actively  disinfectant  both 
on  account  of  the  precipitation  of  albumen  and  possibly  of  a  further 
specific  action.  Such  solutions  are  also  employed  as  astringents 
in  chronic  inflammation :  thus,  a  solution  of  one  part  in  a  thou- 
sand forms  a  useful  injection  in  chronic  gonorrhoea;  in  purulent 
ophthalmia  a  i  per  cent,  solution  is  considerably  used,  whilst 
stronger  solutions  may  be  employed  for  painting  on  chronic  ulcers 
to  stimulate  healing. 

One  objection  to  the  local  use  of  silver-nitrate  is  that  it  is  pre- 
cipitated by  chlorides,  and  much  of  its  action  is  thus  destroyed  : 
for  this  reason  a  large  number  of  new  silver  compounds  have  been 
introduced  to  supersede  it.  Argonin  is  a  combination  of  casein 
and  silver,  soluble  in  water,  but  not  precipitated  by  proteids  or 
chlorides.  Protargol  is  another  combination  with  proteid,  of  doubt- 
ful composition.  Crede  has  advised  the  use  of  an  ointment  com- 
posed of  colloidal  silver,  and  some  body  such  as  lard. 

When  taken  internally  in  sufficient  doses  silver  salts  produce 
acute  gastro-enteritis,  and  death  from  collapse.  If  the  administra- 
tion is  in  smaller  doses,  but  over  prolonged  j-,eriods,  a  minute  amount 
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is  absorbed,  and,  after  circulating  in  the  blood,  is  deposited  in  a 
granular  form  in  various  parts  of  the  body  as  an  organic  compound 
of  silver  having  a  bluish-grey  colour.  These  granules  are  chiefly 
found  in  the  connective  tissues,  to  which  they  impart  a  charac- 
teristic appearance.  The  condition  begins  with  a  dark  discolouration 
of  the  mouth  and  gums,  and  often  there  is  a  dark  line  at  the  margin 
of  the  teeth  and  gums  resembling  that  in  lead  poisoning.  The 
skin  acquires  a  peculiar  bluish  slate  colour,  from  deposition  of 
pigment  in  the  corium,  and  in  well-defined  cases  the  mucous  mem- 
brane of  the  conjunctiva  is  also  involved.  This  pigmentation  or 
argyria,  as  it  is  called,  affects  to  a  greater  or  less  extent  all  the 
connective  tissue  throughout  the  body,  but  it  is  not  usually  accom- 
panied by  any  noxious  symptoms.  When  once  developed  it  is 
impossible  to  get  rid  of  it,  as  the  only  salt  at  present  known  in 
which  it  is  at  all  soluble  is  potassium  cyanide.  Argyria  has  been 
known  to  occur  after  the  prolonged  local  application  of  silver  to 
the  urethra,  vagina  and  eye.  ^' 

Silver  taken  by  the  mouth  is  discharged  in  the  faeces  as  the 
sulphide.  A  minute  amount  is  absorbed  and  retained  permanently  ; 
some  is,  however,  excreted  by  the  rectum. 

In  man  silver  never  gives  rise  to  poisonous  symptoms  other 
than  gastro-enteritis.  If  a  soluble  salt  of  silver,  which  does  not 
coagulate  albumen,  is  injected  into  the  veins  of  animals,  nervous 
symptoms  are  slowly  induced ;  they  consist  of  convulsions  followed 
by  paralysis  of  the  hind  limbs  and,  later,  by  medullary  paralysis. 
These  effects  are  of  httle  practical  importance,  since  sufficient  silver 
is  never  absorbed  by  man  at  any  one  time  to  allow  of  their  being 
produced.  Silver  is  now  almost  solely  employed  as  a  local  astrin- 
gent on  the  skin  and  mucous  membranes,  including  the  alimentary 
canal.  Formerly  it  was  used  internally  in  epilepsy,  but,  as  it  is 
absorbed  so  very  slowly,  it  is  difihcult  to  see  how  it  could  have 
produced  any  effect  in  these  cases. 

MATERIA  MEDICA 

1.  Argenti  Nitras. — AgNO,.    Lunar  caustic.    Dose,  i  to  ^  gr. 

2.  Argenti  Nitras  Induratus. — Toughened  caustic.  A  mixture  of 
AgNO,,  ig  parts,  and  KNO.,.  i  part. 

3.  Argenti  Nitras  Mitigatus.— Mitigated  caustic.  A  fused  mixture  of 
.\gNO.,  I  part,  and  KNO,  2  parts. 

4.  Argenti  Oxidum. — Ag.,0.    Dose,  i  to  2  grs. 

ALUMINIUM 

The  salts  of  aluminium  are  local  astringents  and  antiseptics. 
Pota.sh  alum  precipitates  albumen  and  gelatin,  and  the  albuminate 
is  .soluble  in  excess  of  the  protcid.  It  is  employed  almost, entirely 
as  an  astringent  to  mucous  membranes.  Thus,  it  may  be  used  for 
painting  on  the  tonsils,  as  a  gargle  in  tonsillitis  or  as  an  astringent 
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in  conjunctivitis.  Wlien  it  is  applied  locally,  its  astringent  action 
also  renders  it  styptic  and  antiseptic. 

Taken  internally,  it  is  astringent  to  the  mucous  membrane  of  the 
alimentary  canal  and  induces  some  constipation.  Large  doses 
give  rise  to  gastro-enteritis. 

Aluminium  is  not  absorbed,  but  the  injection  of  a  double  salt, 
such  as  the  sodium  aluminium  tartrate,  into  animals  produces 
changes  in  cell-metabolism,  and  affects  the  central  nervous  system. 
The  former  effect  is  characterised  by  loss  of  weight  and  fatty  degene- 
ration, and  the  latter  by  tremors,  convulsions,  and  diminution  of 
sensations.  These  changes  are  not  produced  until  one  or  two  weeks 
after  the  injection. 

Numerous  preparations  of  aluminium  have  recently  been  intro- 
duced into  medicine  :  as  examples  we  may  cite  aluminium-aceto- 
tartrate,  which  is  a  good  antiseptic  and  easily  soluble  in  water. 
It  is  a  milder  astringent  than  alum.  Alumnol  is  aluminium- 
naphthol-sulphonate.  It  precipitates  albumen,  and  is  therefore 
astringent  and  antiseptic. 

MATERIA  MEDICA 

1.  Alumen. Alum.  A  sulphate  of  aluminium  and  potassium  (potas- 
sium alum),  Al,(SO,\,K,SO,,24H,0,  or  a  sulphate  of  aluminium  and 
ammonium  (ammonium  alum),  Al2(SO,)3,(NHj3,SO„24H,0.  Dose, 
5  to  10  grs. 

Preparation 
Glycerinum  Aluminis. — lo  per  cent. 

2.  Alumen  Exsiccatum. 

3.  Kaolimim. — Kaolin.  Native  aluminium  silicate  soluble  neither 
in  water  nor  dilute  acids. 

COPPER 

The  soluble  copper  salts  have  a  typical  astringent  action  on 
the  mucous  membranes.  They  precipitate  albumen,  and  large 
doses  of  the  sulphate  or  nitrate  produce  corrosion.  The  sulphate 
is  appHed  locally  as  a  mild  caustic  and  to  destroy  exuberant  granu- 
lations. In  weak  solution  it  is  sometimes  employed  to  check 
excessive  discharges  from  mucous  membranes,  such  as  may  occur 
in  ophthalmia  or  chronic  gonorrhoea. 

When  taken  internally  copper  salts  cause  nausea  and  vomiting 
with  their  attendant  symptoms.  The  action  is  entirely  local 
on  the  stomach,  for  much  larger  doses  are  required  subcutaneously 
to  produce  the  same  effect ;  and  moreover,  the  injection  takes 
longer  to  induce  emesis.  Both  these  facts  prove  that  the  emesis 
is  excited  locally. 

Large  amounts  of  the  drug  given  by  the  mouth  produce  corrosion 
of  the  gastric  epithelium,  with  violent  pain,  vomiting  and  purging. 
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and  ultimately  death  from  collapse.  Some  degree  of  tolerance  to 
copper  salts,  as  to  any  other  corrosive  poison,  can  be  attained. 
There  is  no  evidence  that  man  is  ever  affected  with  chronic  copper 
poisoning,  so  that  the  use  of  copper  cooking- vessels,  and  the  employ- 
ment of  minute  amounts  of  copper  to  "improve"  the  appearance 
of  peas,  may  not  be  so  harmful  as  might  be  supposed. 

If  one  of  the  double  salts  of  copper  is  injected  into  the  circulation 
of  an  animal  the  special  effect  of  the  drug  can  be  determined. 
This  consists  chiefly  in  complete  paralysis  of  the  central  nervous 
system.  This  metal  is  absorbed  in  minute  quantities,  and  is 
invariably  found  in  the  tissues  of  animals  and  plants.  It  seems, 
like  other  metals,  to  be  stored  up  in  the  Uver,  spleen  and  kidneys. 

Copper,  then,  is  not  very  toxic  after  physiological  absorption 
into  the  mammalian  system,  and  this  is  probably  because  it 
exists  in  some  non-toxic  combination  ;  on  the  other  hand,  com- 
binations not  so  prepared  in  the  cell  laboratory  are  some  of  the 
most  toxic  drugs  known.  Even  the  traces  present  in  water  distilled 
from  copper  vessels  will  kill  tubifex  and  tadpoles.  And  the  same 
water  used  to  make  up  Ringer's  solution  kills  the  mammalian  heart 
when  perfused  by  Langendorff's  method. 

MATERIA  MEDICA 

Cupri  Sulphas. — CuSO^jSH^O.  Dose,  l~  to  2  grs.  as  an  astringent  ; 
5  to  10  grs.  as  an  emetic. 

ZINC 

The  action  of  zinc  bears  many  resemblances  to  that  of  copper. 
The  soluble  salts  form  with  proteids  a  typical  insoluble  albu- 
minate, to  which  the  metal  owes  its  astringent  properties.  A 
solution  of  the  sulphate  or  acetate  is  commonly  employed  for 
this  purpose  in  chronic  inflammations,  and  is  also  used  as  a  i  per  cent, 
solution  or  stronger,  in  leucorrhoea,  gleet,  and  asa  n  eye  wash. 
Zinc  sulpho-carbolate  is  employed  externally  like  the  sulphate 
as  an  astringent  and  antiseptic.  Zinc  chloride  is  much  more  astrin- 
gent than  the  sulphate.  Formerly  it  found  a  very  large  use  as  a 
paste  with  flour  or  gypsum  to  destroy  malignant  growths,  the 
flour  or  gypsum  being  necessary  to  prevent  the  action  from  ex- 
tending too  far  owing  to  the  deliquescent  nature  of  the  salt.  A 
solution  of  zinc  chloride,  having  a  specific  gravity  double  that  of 
water,  was  at  one  time  in  general  use  as  an  antiseptic  and  disin- 
fectant under  the  title  of  Burnett's  disinfecting  fluid.  The  car- 
bonate, oxide,  and  oleate  are  employed  in  ointments  as  mild  astrin- 
gents upon  excoriated  or  slightly  ulcerated  surfaces. 

The  salts  of  zinc,  when  taken  internally,  have  a  metallic  taste 
and  produce  nausea  and  vomiting.  Larger  quantities  give  rise 
to  intense  pain  in  the  abdomen,  purgation,  and  death  from  collapse. 
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These  effects  are,  of  course,  most  marked  with  the  chloride,  and 
least  with  the  insoluble  preparations  like  the  carbonate  and  oxide. 

Zinc  salts  are  not  absorbed  from  the  alimentary  canal  in  amounts 
sufficient  to  produce  noticeable  specific  effects.  The  double  salts 
of  zinc,  when  injected  into  the  circulation  of  mammals,  give 
rise  to  vomiting,  diarrhoea,  muscular  tremors  and  ultimately  to 
paralysis  of  the  central  nervous  system.  Chronic  poisoning  from 
zinc  has  been  observed  in  smelters  who  inhale  the  fumes  ;  the 
symptoms  closely  resemble  those  of  lead,  and  consist  of  derange- 
ments of  the  alimentary  canal,  colic,  and  peripheral  neuritis. 

Zinc  salts,  especially  the  sulphate  and  carbonate,  were  formerly 
used  in  cerebral  affections  like  chorea  and  epilepsy,  but  there  is  no 
pharmacological  evidence  that  zinc  has  any  central  sedative  action. 

When  gradually  increasing  doses  of  the  sulphate  are  given, 
a  small  degree  of  tolerance  is  soon  attained.  Poisoning  is  rare, 
and  should  be  treated  like  copper  poisoning  by  tannic  acid,  white 
of  egg,  milk  and  demulcents. 

■  MATERIA  MEDICA 

1.  Zinci  Sulphas. — ZnS0j7H.,0.  Readily  sokible  in  water.  Dose, 
10  to  30  grs.  as  an  emetic. 

Preparation 
Unguentum  Zinci  Oleatis. 

2.  Zinci  Chloridum. — ZnCl2.    Freely  soluble  in  water. 

Preparation 

Liquor  Zinci  Chloridi. — Treat  zinc  (i  lb.)  with  hydrochloric  acid 
(44  ozs.),  and  add  water.    Sp.  gr.  1.53. 

3.  Zinci  Oxidum. — ZnO.    Dose,  3  to  10  grs. 

Preparation 

Unguentum  Zinci. — Zinc  oxide,  3;  benzoated  lard,  17. 

4.  Zinci  Carbonas. — ZnC03(ZnH,03),H20.    Dose,  10  to  30  grs.  as  an 

emetic. 

5.  Zinci  Acetas. — Zinc  acetate.  Zn(C,H30j\,3HjO. 

Source. — Dissolve  the  zinc  carbonate  in  acetic  acid  and  boil. 
ZnC0/Zn2H0),,H,,0  +6C,H,02=  sZn^C.^p.^  +6H,0  +  CO,. 
Dose,  I  to  2  grs. 

6.  Zinci  Sulphocarbolas. — Used  externally  in  i  per  cent,  solution. 

7.  Zinci  Valerianas. — Dose,  i  to  3  grs. 

■ 

CHROMIUM 

Two  preparations  of  chromium  are  used  in  medicine,  chromic 
acid  and  potassium  bichromate.  They  are  both  excellent  oxidising 
agents,  and  are  employed  as  antiseptics  and  disinfectants. 

Chromic  acid  coagulates  albumen  and  is  used  as  a  caustic.    It  is 
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sometimes  used  to  destroy  granulations  and  excrescences,  and  to 
wash  out  poisoned  wounds. 

Potassium  bichromate  has  lately  been  employed  as  a  mild 
astringent  in  dyspepsia  in  doses  of  yV  gr.  A  saturated  solution  is 
occasionally  used  as  a  caustic  for  superficial  growths. 

Chromium  salts  are  readily  absorbed,  but  in  cases  of  poisoning 
death  is  caused  by  local  gastro-enteritis  followed  by  collapse.  In  the 
manufacture  of  bichromate  of  potash  the  workmen  are  peculiarly 
liable  to  sores  on  the  skin  and  septum  nasi  :  these  ulcers  always 
follow  some  previous  abrasion. 

MATERIA  MEDICA 

1.  Acidum  Chromicum. — CrOy 

Preparation 
Liquor  Acidi  Chromici. — 25  per  cent. 

2.  Potassii  Bichromas. — K,Cr,0^.    Dose,  XQ-  to  t 

MANGANESE 

The  only  official  salt  is  potassium  permanganate,  which  owes 
its  action  to  its  capacity  for  parting  with  oxygen  to  albumen 
or  other  organic  matter.  It  is  therefore  used  as  a  disinfectant 
and  deodorant;  but  its  power  is  Umited,  because  when  it  yields 
up  its  oxygen  it  becomes  inert.  Concentrated  solutions  irritate 
mucous  membranes,  and  may  even  induce  gastro-enteritis. 

Permanganate  is  used  internally  as  a  dilute  solution  for  washing 
out  the  stomach  in  cases  of  alkaloid-poisoning,  especially  morphine. 
It  is  also  valuable  as  a  local  remedy  in  snake  bite,  for  it  destroys 
the  poison  when  it  comes  into  direct  contact  with  it. 

Condy's  fluid  is  a  strong  solution  of  impure  permanganate. 

MATERIA  MEDICA 
Potassii  Permanganas.    Dose,  i  to  3  grs. 

Preparation 

Liquor  Potassii  Permanganatis. — i  per  cent,  solution. 
Dose,  2  to  4  drs. 
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ANTHELMINTICS  AND  DRUGS  USED  TO  KILL  PARASITES 

"  Anthelmintic  "  is  the  name  given  to  drugs  which  are  employed 
to  get  rid  of  worms.  Such  drugs  possess  few  features  in  common  ; 
but,  Hke  the  vegetable  purgatives,  they  are  absorbed  only  with 
difficulty,  so  that  they  can  exert  their  poisonous  effects  on  the 
parasite  in  the  alimentary  canal  without  seriously  affecting  the  host. 
Active  purgatives  alone  may  get  rid  of  some  of  the  parasites  from 
the  alimentary  canal  by  increasing  the  peristalsis,  but  rarely  of  aU 
unless  an  anthelmintic  has  been  previously  administered ;  the 
effect  of  the  latter  is  either  to  lower  the  vitality  of  the  worms, 
thus  rendering  them  unable  to  withstand  the  increased  peristalsis, 
or  to  cause  them  to  migrate  to  the  large  intestine. 

Anthelmintics  do  not  usually  kill  the  parasite,  and  when  the 
drug  has  disappeared  from  the  intestine  the  worms  soon  recover 
their  former  condition.  Hence,  soon  after  the  administration  of 
the  anthelmintic,  a  brisk  purgative  or  vermifuge  must  always  be 
administered  to  expel  the  worm.  It  is  better  to  administer  anthel- 
mintics when  the  bowels  are  empty :  a  dose  of  castor  oil  is  given 
at  night  and  the  anthelmintic  first  thing  in  the  morning,  followed 
again  by  a  brisk  purgative  some  hours  later. 

The  worms  with  which  one  has  most  commonly  to  deal  in  this 
country  are  the  following  : — 

Anthelmintics 


Tape-worm 

Round  worm 
Thread-worm 


■  Taenia  mediocanellata 
Taenia  solium 

[  •Bothriocephalus . 
Ascaris  kimbricoides 
Oxyuris  vermiciilaris 


Filix  mas,  granatiim, 
cnsso,  or  terebene. 

Santonin. 

Enemata  of  salt  solu- 
tion, quassia,  or  iron 
salts. 


A  number  of  other  drugs,  which  are  generally  protoplasmic 
poisons  and  not  very  readily  absorbed,  have  also  been  employed 
as  anthelmintics.  Such  are  thymol,  naphthol  and  other  coal-tar 
products,  but,  as  a  rule,  if  these  are  given  in  big  enough  doses  for 
their  purpose,  a  sufficient  amount  is  absorbed  to  produce  toxic 
symptoms  in  the  host.  Thread-worms  which  have  their  habitat  in 
the  rectum  are  best  got  rid  of  by  means  of  enemata  :  an  infusion 
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of  quassia  or  a  simple  salt  solution  will  generally  be  found  quite 
effective  for  this  purpose. 

Most  anthelmintics  in  large  doses  produce  gastro-intestinal 
irritation,  and,  as  with  the  more  irritant  vegetable  purgatives, 
death  from  collapse  may  result.  Under  certain  conditions  absorp- 
tion occurs,  and  the  specific  effect  of  the  particular  drug  is  produced. 

SANTONIN 

Santonin  (CigH^gOg)  is  a  crystaUine  principle  obtained  from  san- 
tonica,  the  dried  flowering  heads  of  Artemisia  maritima.  It  is  the 
anhydride  of  a  monobasic  acid,  and  is  insoluble  in  water,  but  soluble 
salts  can  be  formed  by  warming  it  with  alkalies. 

Action. — Santonin  is  the  most  successful  anthelmintic  for  gettmg 
rid  of  the  round  worm.  It  does  not  kill  the  worm,  for  it  is  expelled 
alive ;  and  it  does  not  even  kiU  it  when  a  \  per  cent,  solution  of 
santonin  in  oil  is  allowed  in  direct  contact  with  it  outside  the  body, 
although  it  increases  the  movements  of  the  animal  and  apparently 
renders  it  uncomfortable.  How  it  acts  is  not  definitely  known, 
but  it  possibly  either  lowers  its  vitality  so  that  it  no  longer  resists 
the  movements  of  peristalsis  or  it  causes  it  to  migrate  to  the  lower 
gut  :  in  either  case  it  is  expelled  by  the  after- purgative.  The 
drug  should  always  be  accompanied  or  followed  by  a  purge,  castor 
oil  being  the  one  generally  used  for  this  purpose. 

Santonin  also  gets  rid  of  thread-worms,  but  has  no  action  on 
tseniae.  It  has  a  sHghtly  bitter  taste  in  the  mouth,  passes  through 
the  stomach  unchanged,  but  some  is  absorbed  as  sodium  santonate 
in  the  small  intestine.  Santonin,  however,  is  a  very  insoluble  body, 
so  that  most  of  it  reaches  the  intestines  to  affect  the  round  woi'm. 
The  principal  drawback  to  the  use  of  this  drug  is  its  too  ready 
absorption,  as  shown  by  the  "yellow  vision"  and  the  intensely 
yellow  urine.  It  is  even  possible,  under  suitable  conditions,  for  so 
much  santonin  to  be  absorbed  as  to  poison  the  patient  and  to  leave 
the  worms  unaffected. 

Effect  on  Sense  Organs. — The  specific  effects  of  santonin  show 
themselves  on  the  sense  organs  and  the  central  nervous  system. 

After  taking  a  few  grains,  the  "  yellow  vision  "  is  developed  within 
an  hour.  All  illuminated  objects  appear  to  have  a  yellowish  tinge, 
which  is  sometimes  preceded  by  the  presence  of  a  faint  blue  colour. 
This  blue  tinge  is  due  to  chromatic  aberration,  and  may  be  obtained 
with  any  drug  which,  like  santonin,  dilates  the  pupil.  People 
under  the  influence  of  santonin  lose  their  appreciation  for  difference 
of  colour  at  the  violet  end  of  the  spectrum,  being  unable  to  distinguish 
between  violet  and  black ;  whilst  at  the  yellow  end,  the  acuity  of 
vision  is  exagger^ated.  It  has  been  suggested  that  these  results 
may  be  due  to  stimulation,  followed  by  paralysis  of  those  fibres 
by  which  violet  rays  are  perceived,  but  all  the  evidence  points 
to  a  central  action. 
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Other  senses,  taste,  smell  and  hearing,  have  in  a  few  cases  been 
deranged. 

Effect  on  the  Central  Nervous  System. — The  absorption  of  small 
doses  of_^santonin  gives  rise  to  vague  cerebral  symptoms,  such  as 
headache,  vertigo,  nausea  and  vomiting.  With  larger  doses  epilep- 
tiform convvdsions  occur.  These  begin  with  twitchings  of  the 
muscles  of  the  face  and  head,  and  are  soon  followed  by  a  typical 
tonic  convulsion  with  opisthotonus,  and,  later,  by  clonic  con- 
vulsions. This  attack  is  followed  by  an  interval  of  rest,  except  for 
some  apparently  spontaneous  contractions  of  the  muscles,  and  is 
succeeded  by  fits  following  one  another  in  a  series,  the  whole  closely 
resembling  an  ordinary  epileptic  fit.  In  the  early  stages  these 
convulsions  may  be  arrested  by  chloroform  or  by  section  of  the  cord, 
and  they  are  therefore  probably  cortical ;  and  in  further  support  of 
this,  is  the  fact  that  the  fit  begins  in  the  head  region,  and  that 
the  convulsions  are  clonic  in  nature.  Death  results  from  respira- 
tory failure.  After  very  large  doses  of  santonin  the  cord  is  also 
affected,  and  convulsions,  resembUng  those  produced  by  strychnine, 
may  be  induced  even  when  the  medulla  and  brain  are  destroyed. 

Excretion. — Such  santonin  as  is  absorbed  into  the  system  is 
excreted  by  the  kidneys  either  as  the  sodium  salt  or  as  an  oxysan- 
tonin.  The  urine,  if  acid,  is  turned  intensely  yellow,  but  if  alkaline 
or  if  alkah  is  added  to  the  acid  urine  it  assumes  a  purplish  colour. 
A  similar  colouration  is  induced  by  chrysophanic  acid,  one  of  the 
anthraquinone  derivatives  contained  in  senna. 

Santonin  sometimes  produces  irritation  of  the  kidney,  with 
painful  micturition  and  hsematuria. 

MATERIA  MEDICA 

Santoninum. — Feebly  soluble  in  cold  water,  and  easily  in  chloroform. 
It  forms  santonates  with  alkalies.    Dose,  2  to  5  grs. 

Preparation 
Trochiscus  Santonini. — i  gr.  in  each. 

FILIX  MAS.    (Male  Fern.) 

The  rhizome  of  Aspidium  filix-mas  contains  a  variable  amount, 
5  to  8  per  cent.,  of  filicic  acid;  but  old  species,  those  kept  more 
than  one  year,  often  contain  only  a  trace,  because  the  acid 
changes  to  the  anhydride  "  fiUcin,"  which  is  inactive.  A  second 
active  substance,  aspichn,  is  also  present,  sometimes  to  2  or  3'  per 
cent.,  but  sometimes  only  traces  are  to  be  found.  These  two 
bodies  are  not  present  in  quantity  together ;  if  one  is  present  in 
considerable  amount  the  other  is  in  traces  only,  and  vice-versd. 
The  presence  of  the  one  or  the  other  appears  to  be  determined 
by  habitat,  the  conditions  of  gi-owth  of  the  plant,  &c.  Both  are 
anthelmintic,  and  it  is  not  yet  settled  whether  an  oleo-resin,  con- 
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taining  principally  aspidin,  or  one  rich  in  iilicic  acid  is  the  better 
therapeutically. 

Other  constituents  of  the  drug  are  a  fixed  oil  and  a  volatile  oil. 
Filmaronic  acid  is  yet  another  body  lately  described,  and  is  stated 
to  contain  the  active  principle. 

Action. — Filix  mas  is  used  clinically  as  a  remedy  for  taeniae, 
to  all  varieties  of  which  it  is  a  direct  poison.  One  or  two  drachms 
of  the  liquid  extract  should  be  administered  early  in  the  morning, 
after  a  dose  of  castor  oil  at  bed-time.  About  twelve  hours  later 
another  purge  must  be  given  to  clear  out  the  worm,  the  head  of 
which  must  also  be  passed  if  a  complete  cure  is  to  be  assured-.  It 
is  generally  suggested  that  oily  substances,  such  as  castor  oil,  should 
be  avoided  during  this  treatment,  as  they  tend  to  dissolve  filicic 
acid  and  facilitate  absorption. 

In  very  large  doses  filix  behaves  as  a  violent  irritant  to  the 
alimentary  canal,  and  gives  rise  to  vomiting,  purging  and  griping, 
acute  abdominal  pains,  and  ultimately  death  from  collapse. 
Post-mortem  the  ordinary  signs  of  acute  gastro-enteritis  are 
found. 

It  is  absorbed  very  slowly,  but  sometimes  sufficient  drug  is  taken 
up  to  produce  specific  effects,  which  are  characterised  by  muscular 
weakness  and  sometimes  by  twitching  of  the  muscles,  mental 
confusion,  and  a  tendency  to  sleep.  Temporary  blindness  has 
also  been  noted,  although  the  fundus  of  the  eye  presents  quite  a 
normal  appearance.  A  destruction  of  the  red  blood-cells  with 
resulting  jaundice  sometimes  occurs. 

Filicic  Acid. — If  0.5  gram  of  filicic  acid  is  given  to  a  rabbit  by  the 
stomach,  it  first  acts  as  an  irritant  to  the  gastro-intestinal  canal. 
After  absorption  strychnine-like  convulsions  are  produced,  and, 
should  the  animal  recover  from  these,  the  ultimate  excretion  of  the 
drug  by  the  kidney  may  lead  to  acute  nephritis. 

If  dogs  are  given  0.2  gram  per  diem  they  develop  amaurosis, 
which  may  leave  the  animals  permanently  blind.  In  man,  5  to  10 
grams  give  rise  to  a  sort  of  general  intoxication  and  amaurosis. 

Pure  filicic  acid  has  not  a  very  strong  effect  on  taeniae  :  it  is 
possible  that  the  presence  of  the  volatile  oil  aids  the  activity  of  the 
acid  by  rendering  it  more  soluble,  or  that  the '  active  constituent 
is  due  to  a  minute  amount  of  some  other  body. 

Aspidin  produces  no  effect  in  mammals  unless  the  drug  be 
injected  directly  into  the  circulation,  when  strychnine-like  con- 
vulsions appear ;  and  ultimately  death  is  produced  from  medullary 
jjaralysis. 

The  poisonous  effects  of  filix  when  it  is  administered  by  the 
mouth  must,  therefore,  be  the  result  of  filicic  acid,  since  no  aspidin 
is  absorbed. 
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MATERIA  MEDICA 
Filix  Mas.    Dose,  60  to  180  grs.  powdered. 

Preparation 

Extractum  Filicis  Liquidum.— Oleo-resin. 

Dose,  45  to  90  m.  in  an  emulsion  with  mucilage. 

cousso 

Cousso  consists  of  the  pannicles  of  the  female  flowers  of  Brayera 
anthelmintica.  It  contains  kosotoxin,  the  active  principle,  which 
is  a  strong  muscular  poison,  protokosin  an  inactive  substance, 
a  bitter  acrid  resin,  some  tannin  and  a  little  volatile  oil.  Kosotoxin 
is  soluble  in  alcohol  and  alkaline  fluids,  but  is  insoluble  in  water. 

Action,— Cousso  acts  like  male  fern  and  is  a  powerful  pro- 
toplasmic poison,  but  it  is  less  certain  in  its  effect.  It  apparently 
kills  by  direct  contact,  for  the  worm  is  expelled  dead,  and  often  in 
smaU  fragments.  A  dose  of  J  to  |  oz.  as  a  fresh  infusion  should 
be  drunk  without  straining.  Large  doses  may  give  rise  to  gastro- 
intestinal irritation. 

Kosotoxin,  injected  into  frogs,  has  a  curare-like  action  on  nerve- 
endings,  and  it  ultimately  weakens  and  paralyses  striped  muscle, 
including  cardiac.  In  mammaUa,  the  muscle-fibre  is  similarly 
affected  :  death  is  produced  by  medullary  paralysis. 

MATERIA  MEDICA 
Cusso.    Dose,  i  to  J  oz. 

GRANATI  CORTEX 

Pomegranate  root  is  from  Punica  granaium.  It  contains  four 
alkaloids  —  pelletierine,  >  isopelletierine,  methyl-pelletierine  and 
pseudo-pelletierine.  The  first  two  only  are  active  ;  all  are  liquid 
but  the  last.  There  may  be  as  much  as  3  per  cent,  of  alkaloid  in 
the  root-bark,  but  rarely  more  than  0.5  per  cent,  in  the  stem-bark. 
Commercial  pelletierine  is  a  mixture  of  the  two  active  alkaloids. 
The  bark  also  contains  about  20  per  cent,  of  tannin. 

Action.— If  tsnia  serrata  (tapeworm  of  the  cat)  is  placed  in  a 
o.oi  per  cent,  solution  of  pelletierine,  it  loses  its  power  of  movement 
in  about  five  minutes,  but  will,  nevertheless,  recover  if  it  is  then 
taken  out  of  the  solution  ;  if,  however,  it  is  left  longer  than  ten 
minutes  it  dies.  This  effect  corresponds  to  that  produced  on  the 
parasite  when  the  drug  is  administered  to  patients. 

The  best  way  to  administer  this  drug  is  to  give  2  ozs.  of  the  fluid 
decoction  every  two  hours  for  four  doses,  and  follow  by  a  brisk 
purge  ;  it  is  an  extremely  objectionable  drug  to  take.  Granatum 
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has  also  been  employed  as  an  astringent  in  diarrhcEa  on  account 
of  the  large  amount  of  tannin  it  contains. 

Large  doses  produce  nausea,  vomiting,  colic  and  diarrhoea. 
In  frogs,  injections  of  pelletierine  at  first  increase  the  reflexes, 
and  subsequently  paralyse  the  motor  nerve-endings  like  curare ; 
they  produce  a  veratrine-like  action  on  striped  muscle.  In  mam- 
malia and  man  there  is  an  increase  of  the  reflexes,  followed  by  a 
sense  of  weakness  in  the  limbs  and  cramps  in  the  leg-muscles  ; 
later,  cerebral  symptoms,  such  as  vertigo,  drowsiness  and  coma,  may 
come  on.  Ocular  disturbances  as  in  filix,  dilatation  of  the  pupil, 
amaurosis  and  retinal  congestion,  have  also  been  described. 

Pelletierine. — The  sulphate  is  a  viscid  liquid  soluble  in  water 
and  the  tannate  is  a  powder  insoluble  in  water.    Both  are  ad 
ministered  in  doses  of  from  5  to  8  grs.  as  anthelmintics.    The  tannate 
is  probably  the  better  preparation,  as  the  tannic  acid  tends  to 
prevent  its  absorption  in  the  stomach. 

MATERIA  MEDICA 

Granati  Cortex. 

Preparation 

Decoctum  Granati  Radicis. — i  in  5. 
Dose,  1^  to  2  ozs. 

Non-Official 

1.  Pelletierine. 

Dose,  2  to  8  grs. 

2.  Pelletierine  Tannate. 

Dose,  10  to  20  grs. 


ARAROBA  AND  CHRYSAROBIN 


Araroba,  Goa  powder,  or  crude  chrysarobin  is  a  substance  found 
in  cavities  in  the  trunk  of  Andira  araroba.  It  should  yield  not 
less  than  50  per  cent,  of  chrysarobin.  Now  chrysarobin  on  oxida- 
tion gives  chrysophanic  acid,  and  the  so-called  chrysarobin  of  the 
Pharmacopoeia  may  consist  of  a  mixture  of  true  chrysarobin  and 
chrysophanic  acid,  both  of  which  are  strongly  antiseptic  and  irri- 
tant. An  ointment  of  chrysarobin  is  valuable,  therefore,  in  the 
treatment  of  skin  diseases  which  are  due  to  fungi  ;  and  it  is  also 
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Chrysarobin. 


Clirysoplianic  acid. 

employed  as  a  stimulant  and  mild  irritant  in  cases  of  chronic  skin 
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disease,  such  as  psoriasis.  An  objection  to  the  use  of  this  drug  is 
the  fact  tliat  it  stains  Hnen  with  which  it  comes  in  contact. 

Internally  chrysarobin  has  the  same  action  as  chrysophanic  acid. 
Doses  of  from  5  to  20  grs.  induce  vomiting  and  purging.  Like 
chrysophanic  acid  some  of  the  drug  is  absorbed,  since  the  urine 
assumes  an  intensely  yellow  colour,  and  this  excretion  by  the  kidney 
is  associated  with  pain  in  the  back.  The  bulk  of  the  drug  is  un- 
absorbed  and  passes  out  of  the  body  with  the  faeces. 

MATERIA  MEDICA 

Araroba. 
Chrysarobin. 

Preparation 
Unguentum  Chrysarobini. — i  in  25. 

SULPHUR  AND  THE,  SULPHIDES 

Sulphur  is  a  completely  inert  substance,  but  under  certain  con- 
ditions it  is  converted  into  sulphide,  and  may  then  be  regarded  as 
exerting  a  weak  sulphide  action. 

When  it  is  applied  to  the  skin,  the  cutaneous  secretions  convert 
a  small  proportion  to  sulphides,  and  these  exert  a  very  mild  irritant 
effect ;  as  fresh  sulphide  is  constantly  though  very  slowly  being 
formed,  a  mild  degree  of  stimulation  lasting  over  a  prolonged 
period  is  obtained.  Sulphur  as  an  ointment  is  much  used  as  an 
apphcation  to  the  skin  for  the  purpose  of  destrojdng  the  insect 
of  itch  and  various  fungal  growths.  If  the  drug  is  applied  to  an 
ulcer  or  to  an  inflamed  area  of  skin  a  larger  proportion  of  sulphide 
is  formed,  leading  to  a  much  more  severe  irritation,  and  sometimes 
even  to  destruction  of  tissues.  The  constant  irritation  of  a  sulphur 
ointment  even  to  a  healthy  skin  wiU  in  time  give  rise  to  inflammation. 
In  such  cases  a  small  amount  of  absorption  generally  occurs,  and 
is  easily  recognised  by  the  characteristic  smell  of  sulphuretted 
hydrogen  in  the  breath. 

Sulphur  passes  through  the  stomach  unaltered.  In  the  small 
intestine  a  small  percentage  is  converted  by  the  sodium  carbonate 
into  alkaline  sulphide,  which  exerts  a  mild  stimulant  and  antiseptic 
action  on  the  gut.  Sulphur  softens  the  stools,  but  produces  no 
marked  purgative  action  ;  even  very  large  doses  give  rise  to  relaxa- 
tion only,  and  never  to  colic.  The  explanation  of  this  fact  is 
that  the  amount  of  sulphide  formed  is  not  in  any  way  proportional 
to  the  sulphur  taken.  Possibly,  also,  sulphur  acts  physically, 
somewhat  like  bismuth,  and  forms  a  coating  on  the  walls  of  the  gut, 
which  protects  the  mucous  membrane  from  excessive  stimuli. 

The  greater  part  of  the  sulphur  is  excreted  unchanged  in  the  faeces. 
A  small  proportion  is  absorbed  as  alkaline  sulphide,  and  this  is 
oxidised  in  the  body  and  excreted  mainly  as  sulphate  in  the  urine. 
The  absorption  as  sulphide  depends  to  some  extent  on  the  mode 
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of  administration  :  il  sublimated  sulphur  is  administered,  only  5 
to  10  per  cent,  can  be  detected  in  the  urine  as  sulphate,  whilst  if 
milk  of  sulphur  is  given  a  much  larger  quantity  (30  to  50  per  cent.) 
is  said  to  be  so  excreted.  Small  quantities  of  sulphur  are  also 
excreted  from  the  lungs,  giving  a  disagreeable  odour  to  the  breath, 
and  acting  as  a  slight  expectorant.  Traces  of  sulphur  compounds 
are  excreted  from  the  skin,  and  the  irritation  of  these  may  some- 
times produce  a  rash.  The  perspiration  is  increased,  has  a  dis- 
agreeable odour,  and  silver  articles  worn  about  the  body  may  be 
blackened. 

Sulphur  circulates  in  the  blood  as  alkaline  sulphide,  but  as  a 
general  rule  sufficient  is  not  absorbed  to  produce  the  specific  effects 
of  the  sulphides.  To  produce  the  specific  action  the  sulphides 
themselves  must  be  administered.  If  a  subcutaneous  injection 
of  sulphide  of  sodium  is  made  into  a  dog,  the  brain — especially 
the  motor  area  and  the  medulla — is  excited.  This  is  shown  at 
first  by  excitement,  and  later  by  the  production  of  convulsions 
which  are  abohshed  if  the  cord  is  severed  from  the  medulla.  Stimu- 
lation of  the  medulla  is  shown  by  the  usual  signs — deeper  respiration, 
which  is  still  evident  after  section  of  the  vagi,  and  by  vaso-con- 
striction.  The  stimulation  is  followed  by  paralysis,  and  death 
ensues  from  respiratory  failure. 

Frogs  are  very  susceptible  to  sulphides  :  a  small  injection  first 
leads  to  depression  of  all  reflexes ;  this  is  followed,  as  in  the  case 
of  morphine,  by  a  second  stage  of  hyperexcitability,  sometimes 
accompanied  by  strychnine-like  convulsions  and  opisthotonus ; 
this  stage  may  last  for  weeks. 

Sulphides  are,  of  course,  very  active  reducing  agents.  If  they 
are  added  to  a  little  drawn  blood  they  reduce  the  oxyhfemoglobin, 
and  form  with  the  haemoglobin  a  peculiar  sulphide  compound 
having  a  characteristic  spectrum.  This  compound  is  not  found  in 
the  body  of  the  living  mammal  (Fig.  68). 

POTASSA  SULPHURATA  AND  CALX  SuLPHURATA 

Such  bodies  are  easily  decomposed  :  even  so  weak  an  acid  as 
carbonic  will  hberate  sulphuretted  hydrogen.  Externally  they 
possess  all  the  actions  of  sulphur,  but  if  at  all  concentrated  they 
behave  as  powerful  irritants.  If  from  i  to  10  grs.  are  administered 
to  a  man  the  effect  will  be  much  the  same  as  if  a  dose  of  sulphur 
had  been  taken,  except  there  is  likely  to  be  some  irritation  of  the 
stomach  from  the  liberation  of  H^S.  With  big  doses  all  the  symp- 
toms of  poisoning  by  sulphuretted  hydrogen  may  be  seen. 

,  SULPHURIS  lODIDUM 

Iodide  of  sulphur  possesses  the  action  of  iodine.  On  the  skin 
it  has  been  employed  in  the  form  of  dilute  ointments  as  a  mild 
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irritant  and  parasiticide.  Internally  its  effects  are  precisely  those 
of  iodine. 

MATERIA  MEDICA 

1.  Sulphur  SubUmatum. — Flowers  of  sulphur.    Dose,  20  to  60  grs. 

Preparations 

1.  Confectio  Sulphuris. 

Dose,  60  to  120  grs. 

2.  Unguentum  Sulphuris. 

2.  Sulphur  Praecipitatum. — Milk  of  sulphur.    Dose,  20  to  60  grs. 

Preparation 
Trochiscus  Sulphuris. — Contains  5  grs.  sulphur. 

3.  Potassa  Sulphurata. — Liver  of  sulphur.  A  mixture  of  potassium 
trisulphide  K^,S.,,  and  thiosulphate  K^S.^Oj.  It  is  soluble  in  water  and 
some  HjS  is  liberated. 

4.  Calx  Sulphurata. — Sulphurated  Lime.  A  mixture  containing  not 
less  than  50  per  cent,  of  calcium  sulphide,  with  calcium  sulphate  and 
carbon.    Dose,  J  to  i  gr. 

5.  Sulphuris  lodidum. — SI. '  Insoluble  in  water. 

Preparation 
Unguentum  Sulphuris  lodidi. 

BORACIC  ACID  AND  BORAX 

These  substances  are  used  on  account  of  their  antiseptic  action. 
Their  effect  is,  however,  feeble,  as  even  a  4  per  cent,  solution, 
whilst  preventing  the  growth  of  bacteria  for  the  time  it  is  in  contact 
with  them,  does  not  affect  their  subsequent  development.  Boric 
acid  is  very  largely  used  to  preserve  milk,  butter  and  animal  food. 
Animal  tissue  will  keep  eight  days  in  the  presence  of  a  J  per  cent, 
solution  of  the  acid,  and  milk  can  be  preserved  from  fermentation 
for  several  days  in  the  presence  of  a  0.2  per  cent.  Solutions  of 
the  acid  are  commonly  used  to  wash  out  cavities  after  operations ; 
and  in  the  soHd  form  it  is  employed  as  a  dusting-powder  or  for 
apphcation  to  simple  ulcers  about  the  mouth  and  tongue. 

Taken  internally  boric  acid  and  borax  are  easily  absorbed  and 
are  excreted  in  the  urine,  and  to  a  slight  extent  in  the  milk  and 
saliva,  elimination  being  generally  complete  within  twenty-four 
hours. 

The  specific  effects  have  lately  received  considerable  attention 
on  account  of  the  symptoms  of  poisoning  said  to  be  produced  when 
they  are  used  as  food  preservatives.  These  symptoms  consist  of  loss 
of  appetite,  general  signs  of  mild  gastro-enteritis  (nausea,  vomiting, 
and  mild  diarrhoea),  nervous  prostration  and  muscular  weakness. 
There  are  also  cutaneous  lesions,  of  which  the  commonest  is  a 
scaly  dermatitis  :    more  rarely  bulLx,  jjetechiae,  loss  of  hair  and 
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dryness  of  the  skin,  have  been  observed.  Whether  the  amounts 
actually  present  in  food  are  injurious  to  health,  is  difficult  to  decide, 
and  depends  upon  the  dose  and  the  individual  idiosyncrasy  of  the 
patient.  Renal  disease  certainly  increases  susceptibility  to  poison- 
ing. Borax  and  boracic  acid  given  daily  to  children  in  small 
doses  do  not  appear  in  any  way  to  affect  health,  metabolism,  or 
intestinal  putrefaction  as  measured  by  the  amount  of  aromatic 
sulphate  in  the  urine. 

MATERIA  MEDICA 
Acidum  Boricum,  H^BOj.    Dose,  5  to  15  grs. 

Preparations 

1.  Glycerinum  Acidi  Borici. — 3  in  10. 

2.  Unguentum  Acidi  Borici. — i  in  10. 

Borax,  Na,B40y.    Dose,  5  to  20  grs. 

Preparations 

1.  Glycerinum  Boracis. 

2.  Mel  Boracis. 

.    HYDROGEN  PEROXIDE 

Hydrogen  peroxide  (R^Oj)  owes  its  efficacy  to  the  liberation  of 
free  oxygen.  Many  bodies,  including  all  forms  of  living  matter, 
bring  about  this  change.  It  is  a  useful  disinfectant,  its  advan- 
tages being  that  it  is  non-poisonous  and  scarcely  irritant ;  the 
products  of  its  decomposition  are  innocuous,  and  it  does  not  pre- 
cipitate albumen.  If  it  is  injected  into  the  circulation,  it  is  poi- 
sonous to  the  higher  animals  by  forming  oxygen  embolisms,  and 
it  may  be  dangerous  even  to  wash  out  serous  cavities  if  more  oxygen 
is  absorbed  than  the  blood  can  dispose  of.  Various  proprietary 
preparations  contain  H.,0.2.  "  Sanitas "  owes  most  of  its  disin- 
fectant properties  to  this  substance.  "  Golden  hair  wash  "  produces 
its  bleaching  action  by  this  drug.  "  Menthoxol,"  "  camphoroxol," 
and  "naphthoxol"  consist  of  a  3  per  cent,  solution  of  HoO^  with 
menthol,  camphor,  or  naphthol  respectively. 

MATERIA  MEDICA  ^ 

Liquor  Hydrogenii  Peroxidi.  Dose,  I  to  2  drs.  A  solution  oi  about 
3  per  cent.    Very  unstable. 


CHAPTER  XXXI 


EMOLLIENTS,  DEMULCENTS— SWEETENING  AND 
COLOURING-AGENTS 


Emollients  are  substances  which  soften  and  relax,  while  demul- 
cents protect  and  soothe  the  parts  to  which  they  are  applied.  There 
is  no  sharp  line  of  demarcation  between  the  two  groups,  some 
substances,  such  as  olive  oil,  partaking  of  the  properties  of  both  ; 
but,  as  a  general  rule,  the  term  emollient  is  restricted  to  substances 
to  be  applied  to  the  skin,  and  demulcent,  to  those  applied  to  the 
mucous  membrane.    The  following  is  a  list  of  the  most  important 


members. 

Emollients. 

Lard. 

Fats,  such  as 
suet  and 
lanoline. 

Olive  oil,  oleic 
acid. 

Almond  oil. 

Linseed  oil. 
Spermaceti. 

Beeswax. 
Paraffins. 
Soaps. 
Glycerin. 


Dcmulceiite. 

Gums. 
Starch. 


Sweetening  Agents. 

Cane-sugar. 
Milk-sugar. 


Gelatin. 
Linseed. 

Liquorice. 

Sweet  almonds. 
*    *  * 

Collodium. 
Cotton  wool. 
India-rubber. 


Syrups. 
Honey. 
Saccharin. 


Colouring- Agents. 

Crocus. 
Coccus. 


Red  sandal- 
wood. 

Red  poppy 
petals. 


FATS,  FIXED  OILS,  WAX,  SOAP,  AND  PETROLEUM 

Fats 

The  fats  used  in  medicine  are  derived  from  both  animal  and 
vegetable  sources.  With  few  exceptions  the  basic  radicle  is  the 
same  for  all  fats  and  fixed  oils,  viz.,  glyceryl  (C.^H^).  The  acid 
radicles  are  many,  the  chief  being  palmitic,  stearic  and  oleic, 
each  fat  containing  three  or  four  such  radicles  combined  with  the 
glyceryl  group.    Thus,  we  have  : — 

C.,H,(C,^H,,,,0,)i  =  olein  (glyceryl  oleate). 
C3H^C,„h:,;oV  =  palmitin. 
CjH.CC.^H^A),  =  stearin. 
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Adeps  (lard)  is  the  pui-ified  abdominal  lat  of  the  hog.  It  consists 
of  about  40  per  cent,  stearin  and  palmitin,  and  about  60  per  cent,  olein. 
When  it  is  exposed  to  the  light  oxidation  and  hydrolysis,  with  resulting 
rancidity,  are  apt  to  occur.  The  chemical  chan^jcs  are  brought  about 
by  organisms. 

Adeps  Benzoatus. — Prepared  by  adding  benzoin  to  melted  lard.  The 
benzoic  acid  inhibits  the  growth  of  organisms,  and  the  lard  does  not 
become  rancid. 

Adeos  Lanae  (wool-fat)  is  the  purified  cholesterin-fat  of  the  wool  of 
sheep.  It  has  a  varying  composition,  its  most  prominent  constituents 
being  cholesterin,  iso-cholesterin  and  their  esters,  with  a  small  amount  of 
ordinary  glycerides. 

Adeps  Lanae  Hydrosus  (lanohne  or  hydrous  wool-fat),  prepared  by 
triturating  wool-fat  with  water.  It  makes  an  excellent  basis  for  oint- 
ments. 

Sevum  Praeparatum  (prepared  suet)  consists  of  the  internal  fat  of  the 
sheep's  abdomen  purified  by  melting  and  straining.  It  contains  70  to 
80  per  cent,  of  stearin  and  palmitin,  with  only  20  to  30  per  cent,  olein, 
and  hence  its  high  melting-point. 

Acidum  Oleicum  constitutes  the  major  part  of  olive  and  almond  oils 
and  a  considerable  portion  of  taUow  and  lard.  In  the  common  oils  and 
fats  it  is  associated  with  the  glyceryl  esters  of  stearic  and  palmitic 
acids. 

Oleum  Olivae  is  obtained  by  expression  from  the  pericarp  of  the  ripe 
fruit  of  Olea  EuropcBa.  The  chief  constituent  is  glyceryl  oleate  (olein), 
over  70  per  cent.  Palmitin,  arachin,  cholesterin,  and  free  fatty  acid  are 
also  present. 

Oleum  Amygdalae  (almond  oil)  is  obtained  by  expression  from  both 
bitter  and  sweet  almonds.  Sweet  almonds  contain  about  45  per  cent,  of 
fixed  oil,  and  bitter  almonds  about  38  per  cent.  The  oil  consists  of  76  per 
cent,  olein  ;  the  rest  is  a  mixture  of  palmitin  and  stearin. 

Oleum  Lini  (linseed  oil)  is  prepared  from  dry  ripe  linseed  by  expression. 
It  consists  chiefly  of  the  glyceryl  ester  of  linoleic  acid  with  small  quan- 
tities of  the  glyceryl  esters  of  oleic,  stearic,  palmitic  and  myristic  acids. 
When  the  oil  is  exposed  to  the  air  a  varnish  is  formed  by  the  linolein 
absorbing  oxygen.    It  is  the  best  drying  oil  known. 

Oleum  Theobromatis. — Oil  of  theobroma  or  Cacao  butter  is  ob- 
tained by  expression  from  the  seeds  of  Theobroma  cacao.  Glycerides  of 
stearic,  palmitic  and  lauric  acids  form  its  chief  constituents.  It  is  used 
for  making  suppositories,  because  it  is  a  hard  solid  which  can  be  moulded 
at  ordinary  temperatures  and  yet  melts  below  the  temperature  of  the 
body. 

Oleum  Ricini  (castor  oil)  and  Oleum  tiglii  (croton  oil)  are  considered 
under  purgatives. 

Waxes 

The  waxes  are  mainly  composed  of  fatty  acids  combined  with 
monohydric  alcohols  possessing  a  high  molecular  weight.  For 
instance,  spermaceti  contains  the  palmitic  ester  of  cetyl-alcohol, 
and  bee-swax  the  palmitic  ester  of  myricyl  alcohol.  Paraffin  wax 
is  a  hydrocarbon  and  not  a  true  wax. 
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Cetaceum  (spermaceti)  is  a  fatty  body  which  crystallises  from  sperm 
oil.  It  consists  almost  entirely  of  cetyl-palmitate,  C|J-l3..COOCmH3,,. 
with  small  quantities  ol  allied  esters. 

Cera  Alba  (white  beeswax). — ^The  wax  from  the  honeycomb  of  the 
hive-bee  bleached  by  air  and  sunlight. 

Cera  flava  (yellow  beeswax)  is  a  secretion  of  the  hive  bee  and  con- 
stitutes the  walls  of  the  honey-comb.  Beeswax  contains  over  80  per 
cent,  myricyl  palmitate,  C,5H3,COOC3|,H„,,  about  15  per  cent,  cerotic 
acid,  CgyHjjCOOH,  and  an  aromatic  body,  cerolein. 

Petroleum 

Petroleum,  or  rock  oil,  is  found  in  certain  geological  strata, 
and  results  from  the  decomposition  of  organic  matter.  When 
petroleum  is  subjected  to  fractional  distillation  four  main  fractions 
are  obtained: — (i)  The  mineral  naphtha  distils  over.  (2)  "Burn- 
ing" oils.  (3)  Lubricating  oils.  (4)  A  soft  paraffin  is  left  in  the 
still  which,  when  purified,  becomes  vaselin. 

These  bodies  are  pharmacologically  allied  to  fats,  though  chemi- 
cally, of  course,  they  are  quite  distinct. 

Paraffinum  durum  is  a  mixture  of  the  higher  members  of  the  paraffin 
series.  It  consists  of  hydrocarbons  ranging  from  C,„H^,  to  CjnHg.,. 
The  melting-point  required  by  the  Pharmacopoeia  should  be  between 
54.4  and  57.2°  C. 

Paraffinum  liquidum  is  an  oily  hquid  obtained  by  fractional  distilla- 
tion from  petroleum. 

Paraffinum  molle  (vaselin)  is  a  semi-solid  mixture  of  various  hydro- 
carbons, 0,5113.,  to  Cj„H^,,  remaining  in  the  still  after  petroleum  distillation. 

Benzol  contains  about  70  per  cent,  benzene,  CgH,.,  and  the  rest  toluene, 
CgH^CHj,  and  some  xylene,  CgHj.CH3.CH,,.  It  is  used  as  a  solvent  for 
india-rubber.  One  application  will  often  destroy  pediculi  capitis  and 
psdiculi  pubis,    It  has  no  chemical  relationship  with  the  paraffins. 

Soaps 

Saponification,  in  its  widest  sense,  now  indicates  the  decom- 
position of  an  ester  into  alcohol  and  acid,  although  it  had  its  origin 
in  the  decomposition  of  oils  by  caustic  alkah  in  making  soap. 

C3H,(C,,H330,)  +  3NaHO  =  3NaC,3H330,  +  C3H,(OH)3 
Olein.  Sodium  oleate  Glycerin, 

(hard  soap). 

Sapo  animalis  (curd  soap)  is  prepared  from  a  purified  animal  fat,  and 
is  composed  mainly  of  sodium  stearate. 

Sapo  durus  (hard  soap)  is  prepared  from  olive  oil,  and  is,  therefore,  com- 
posed almost  entirely  of  sodium  oleate. 

Sapo  mollis  is  prepared  from  olive  oil  by  using  caustic  potash  instead 
of  soda. 

Glycerin,  C3H5(OH)3,  may  be  conveniently  considered  here.  It  is  an 
alcohol  obtained  during  the  preparation  of  soap  and  stearin  candles. 
Glycerin  is  very  useful  in  pharmacy  on  account  of  its  solvent  action. 
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Its  boiling-point  is  so  high  that  it  is  hardly  volatile  at  ordinary  temper- 
atures, and  being  hygroscopic  it  even  absorbs  wat^r  from  the  air  and 
increases  in  volume. 

Action. — The  emollients  are  chemically  indifferent  substances, 
and,  on  account  of  their  insolubility,  exert  no  "  salt  action."  They 
are  employed  for  several  purposes.  First,  as  protectives  to  the  skin  : 
by  their  means  the  irritation  of  a  diseased  surface  may  be  allayed 
either  by  preventing  the  part  from  drying  or  by  protecting  it  from 
dust,  bacteria  or  irritating  gases.  Secondly,  they  soften  the  skin 
and  render  it  more  elastic ;  this  would  seem  to  be  produced  by  the 
penetration  of  the  fat  into  the  stratum  corneum,  and  possibly  also 
by  the  rubbing :  in  this  way  they  relieve  the  tension  and  pain  in 
inflamed  parts.  Thirdly,  they  are  sometimes  employed  to  promote 
the  absorption  of  drugs.  The  stratum  corneum  is  not  permeable 
to  water  or  other  liquids,  and  so  absorption  can  only  take  place 
through  the  glandular  structures  of  the  skin,  and  these  are  filled 
up  with  fatty  material.  This  sebum  effectually  prevents  the  pene- 
tration of  water,  but  not  of  fats  ;  so  it  is  possible,  by  making  an 
emulsion  of  a  drug  with  a  fatty  basis,  aided  by  suitable  rubbing,  to 
promote  the  absorption  of  the  drug.  Alcohol  also  dissolves  away 
the  sebum,  and  substances  dissolved  in  it  may  also  be  absorbed. 
Fatty  substances  form  the  basis  of  ointments. 

Olive  oil  is  administered  internally  in  ounce  doses  :  it  produces 
soft  stools,  and  at  the  same  time  protects  the  bowel  from  irritation. 
Linseed  oil  is  also  laxative  :  as  an  emulsion  with  hme  water  (carron 
oil)  it  forms  a  favourite  application  to  burns. 

Hard  paraffin  has  been  recently  successfully  employed  as  a  hypo- 
dermic or  submucous  injection  to  remedy  facial  deformities. 

Soaps  are  employed  as  excipients  for  pill  ma.sses  and  as  vehicles 
for  liniments  and  plasters.  They  are  also  mild  laxatives,  and 
assist  in  the  emulsification  of  fat  in  the  small  intestine.  When 
introduced  into  the  rectum  as  an  enema  they  facilitate  the  softening 
of  hard  scybalous  masses,  and  by  their  irritating  properties  induce 
reflex  contraction  of  the  rectum,  and  sometimes  of  the  entire 
colon. 

Glycerin,  although  not  a  fat,  resembles  these  substances  very 
closely.  It  is  somewhat  irritant  to  the  unbroken  skin,  and  the 
irritation  may  be  severe  if  the  glycerin  is  applied  to  the  conjunctiva  : 
the  irritant  effect  is  due  to  the  abstraction  of  fluid  from  the  tissues. 
The  drug  is  used  as  a  protective  to  slight  wounds,  fissures  and 
cracks  in  the  lips.  When  small  quantities  are  injected  into  the 
rectum  it  causes  an  augmented  peristalsis  and  evacuation  of  the 
bowels.  The  effect  is  reflex,  and  induced  by  the  local  irritation  in 
the  lower  part  of  the  rectum. 

Glycerin  has  some  value  as  an  antiseptic,  probably  acting  by 
osmosis. 

Taken  internally  it  is  a  demulcent.  It  is  readily  absorbed,  and 
undergoes  oxidation  in  the  tissi.;es,  so  that  it  must  be  regarded  as 
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nutrient,  but  to  substitute  it  for  cod-liver  oil  as  a  food,  as  has  been 
done,  is  a  proceeding  wholly  unwarranted  by  the  evidence. 

In  large  doses  mental  symptoms  accrue,  such  as  restlessness  and 
tremors  ;  and  the  latter  may  culminate  in  tetanic  convulsions. 
Death  occurs  from  respiratory  failure.  The  urine  not  infrequenth' 
contains  haemoglobin  ;  this  condition  only  obtains  when  the  drug 
is  taken  by  the  mouth,  or  better  injected  subcutaneou-sly,  and 
is  not  observed  when  the  glycerin  is  injected  intravenously.  No 
satisfactory  explanation  of  this  fact  is  forthcoming. 

DEMULCENTS 

Acaciae  gummi  (gum  arabic)  is  a  dried  exudation  from  the  branches 
of  various  species  of  acacia.  It  consists  chiefly  of  arabic  acid  combined 
with  calcium,  magnesium  and  potassium.  On  boiling  with  dilute  acids 
the  arabic  acid  is  converted  into  sugar.  Gum  acacia  also  contains  a 
diastatic  ferment,  and  its  solutions  are  apt  to  form  irritating  compounds  ; 
hence,  in  medicine  only  the  freshly  prepared  mucilage  should  be  used. 

Tragacantha. — Tragacanth  is  the  exudation  from  Astragalus  guni- 
mifer.  It  contains  60  to  70  per  cent,  traganthin,  which  is  an  insoluble 
compound  of  arabic  acid. 

Linum  (hnseed),  from  the  flax  Linum.  usitaiissinium.  The  epithelium 
contains  15  per  cent,  mucilage,  which  is  derived  from  starch,  and  30 
to  40  per  cent,  of  fixed  oil.  Linum  contusum,  or  crushed  Unseed,  is  also 
official. 

Amylum  (CgH^Oj)  is  procured  from  the  grains  of  wheat. 

Glycyrrhiza  (hquorice  root  from  G.  glabra). — It  contains  7  per  cent, 
glycyrrhizin,  a  sweet  principle,  together  with  proteid,  sugar,  resin  and 
asparagin. 

Amygdala  dulcis  (sweet  almonds),  seeds  of  Prunus  amygdalus.  They 
contain  45  per  cent,  fixed  oil  and  about  20  per  cent,  proteid,  and  an 
enzyme,  emulsin. 

Gelatinum  is  an  albuminoid  substance,  from  bones,  ligaments  and 
other  animal  tissues.  When  taken  internally  it  acts  as  a  circulating, 
but  not  a  tissue-proteid. 

Gossypium  (cotton-wool)  is  the  hairs  of  the  seeds  of  species  of  gos- 
sypium.    It  is  chiefly  cellulose  with  traces  of  albuminoids  and  salts. 

Pyroxylinum  (di-nitrocellulose)  is  prepared  by  the  action  of  nitric  acid 
on  cotton  wool. 

C,H,„0,  +  =  C,ft(ONO,,)A  +  2H,0 

Cellulose.  Di-nitrocellulose. 

It  would  be  more  correct  to  speak  of  this  body  as  cellulose  nitrate. 

Collodion  is  a  solution  of  pyroxylin  in  a  mixture  of  ether  and  alcoliol. 

Caoutchouc  (india-rubber)  is  obtained  from  various  species  of  Hevea. 
It  is  produced  from  the  latex  by  coagulation  of  the  albumen,  wlien  the 
suspended  particles  are  collected  in  a  curdy  mass,  which  becomes  elastic 
on  drying.  It  consists  mainly  of  two  hydrocarbons  (C,„H,„)  ;  it  absorbs 
oxygen  from  the  air,  and  is  changed  to  vulcanite  when  treated  with 
sulphur  under  pressure. 
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Carbon  Bisulphide  (CS.,)  is  used  as  a  solvent  for  india-rubber  and 
phosphorus. 

Action. — The  demulcents  arc  drugs  which  exert  a  soothing  action 
on  mucous  membranes.  This  they  do  by  mechanical  means, 
simply  covering  over  the  affected  surface  and  preventing  irritation 
from  secretions  or  foreign  matter.  Thus,  they  are  useful  as  a  basis 
lor  cough  mixtures  and  in  the  after  treatment  of  irritant  poisoning, 
acting  by  producing  a  thin  coating  over  the  pharangeal  and  gastro- 
intestinal membranes  respectively.  Gum  acacia  is  feebly  nutritive, 
and  is  partly  converted  into  sugar  in  the  small  intestine.  It  is 
largely  employed  for  making  emulsions  and  for  suspending  in- 
soluble powders.  Tragacanth  is  only  used  for  suspending  heavy 
metallic  powders  in  mixtures.  Linseed,  besides  its  demulcent 
action,  has  a  diuretic  effect:  the  action  of  poultices  is  considered 
under  counter-irritants. 

Starch  is  a  valuable  food-stuff:  it  is  employed  as  a  dusting- 
powder  for  protecting  surfaces.  Liquorice,  on  account  of  its 
jileasant  sweet  taste,  is  a  favourite  demulcent  in  cough  mixtures  ; 
it  is  also  slightly  laxative.  Gelatin  is  official  in  order  to  obtain 
a  basis  for  gelatin  suppositories.  When  it  is  directly  applied  to 
bleeding  surfaces  it  acts  as  a  powerful  hcemostatic.  Its  injection 
as  a  haemostatic  for  internal  hcemorrhage  is  of  very  doubtful  value. 
It  has  been  employed  in  htematuria,  pm'pura,  and  to  promote  the 
formation  of  clot  in  aneurysms. 

CoUodium  is  only  employed  externally.  When  the  ethereal 
solution  is  placed  on  the  skin  the  ether  almost  immediately  evapo- 
rates leaving  a  thin  film  impervious  to  moisture.  This  contracts, 
puckers  up  the  surrounding  skin,  and  partly  empties  the  vessels. 
It  is  a  useful  protective-coating  for  fresh  wounds.  Cotton  wool 
and  india-rubber  are  employed  entirely  as  protectives  to  the  skin. 

Carbon  bisulphide  (4  m.  to  a  pint  of  water)  is  an  excellent  anti- 
septic. Its  inhalation  produces  anaesthesia  like  chloroform.  It 
is  introduced  into  the  Pharmacopoeia  as  a  solvent. 

SUGARS 

Saccharum  purificatum  (CigH^p,,),  supposed  to  be  prepared  from  the 
juice  of  the  sugar-cane,  but  much  is  also  secured  from  sugar-beet.  It 
is  hydrolysed  by  dilute  acids  to  glucose. 

C„H,p„  +  Hp  =  2C,H„0, 

Saccharum  lactis  (milk-sugar  or  lactose,  CijHjjOij.HjO,  isomeric  with 
cane-sugar)  is  prepared  from  milk-whey,  and  is  present  in  cow's  milk  to 
about  5  per  cent.  It  does  not  absorb  water  or  become  lumpy  like 
cane-sugar,  and  is  suitable  for  the  dilution  of  potent  drugs.  It  is  hydro- 
lysed by  treatment  with  acids. 

Syrups  are  solutions  nearly  saturated  with  refined  cane-sugar.  They 
are  used  to  flavour,  as  preservatives,  and  to  retard  chemical  changes. 
Simple  syrup  is  composed  of  a  solytiori  of  2  parts  supr  and  i  part 
water. 

2  D 
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Mel  depuratum  (clarified  honey)  is  the  secretion  from  the  honey-comb 
of  Apis  melUfica.  ft  is  composed  of  from  70  to  80  per  cent,  glucose, 
some  dextrin,  wax,  proteid,  volatile  oil,  and  a  minute  quantity  of  formic 
acid  which  acts  as  a  preservative. 


sweet  taste,  and  is  prepared  from  toluene.  When  absolutely  pui'e  its 
sweetening  power  is  said  to  be  from  500  to  600  times  stronger  than 
sugar. 

Action. — The  sugars  are  valuable  food-stuffs.  The}'  are  emploj'ed 
in  medicine  mainly  for  flavouring  and  preservative  purposes  : 
dilute  solutions  of  sugar  ferment  easily,  but  saturated  solutions 
may  be  preserved  indefinitely  on  account  of  the  osmotic  conditions 
preventing  growth  of  lower  organisms  (salt  action). 

Solutions  of  sugar  possess  the  property  of  dissolving  much  Ca(OH)^ 
to  form  calcium  saccharate,  and  they  also  retard  the  oxidation  of 
ferrous  salts,  hence  their  use  in  the  preparation  of  Ferrum  carbonas 
saccharatus. 

Milk-sugar  is  diuretic ;  it  is  less  liable  to  fermentation  than  cane- 
sugar,  and  is  therefore  employed  to  sweeten  the  food  of  the  dyspeptic. 
Honey  is  employed  only  as  a  vehicle  for  active  remedies. 

Most  coal-tar  derivatives,  if  administered  continuously  and  for 
some  time,  produce  irritation  of  the  kidneys  and  albuminuria. 
It  is  not  yet  certain  whether  saccharin  has  this  effect. 


Crocus  (saffi'on)  consists  of  the  diied  stigmas  of  Crocus  sativiis.  It 
contains  a  volatile  oil  about  i  per  cent.,  some  fixed  oil,  sugar,  mucilage, 
a  bitter  principle  picrocrocin,  and  a  red  colouring-matter.  The  colour- 
ing-matter is  a  complex  ester  in  which  stearic  and  palmitic  acids  have 
been  identified. 

Coccus  (cochineal)  is  the  dried  fecundated  female  insect  Coccus  cacti. 
It  contains  about  10  per  cent,  of  a  colouring-matter,  carminic  acid,  10 
per  cent,  myristin,  with  fats  and  wax.  Carmine  is  prepared  by  precipi- 
tating a  decoction  with  alum,  and  consists  of  50  per  cent,  carminic  acid. 

Pterocarpi  lignum  (red  sandal-wood)  is  the  heart-wood  of  Pterocarpus 
santalinus.  The  colouring-matter,  santalin,  is  a  resinous  substance  pre- 
cipitated from  alkaline  solutions  by  the  addition  of  acid. 

Rhoeados  Petala  (red  poppy  petals).  They  contain  0.2  to  0.5  per 
cent,  morphine.    The  colouring-matter  has  not  been  isolated. 

Action. — All  these  bodies  are  employed  for  colouring  purposes 
only.  Pterocarpus  has  very  slight  astringent  properties  on  account 
of  a  trace  of  tannic  acid.  Rhoeados  has  a  very  feeble — quite  in- 
si?nificant — narcotic  effect 


Glusidum  (saccharin) 


Nl-f,  is  an  imide  having  a  very 
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MATERIA  MEDICA 

Oils  and  Fats  : — 
Adeps. 

Adeps  Benzoatus. 
Adeps  Lanae. 
Adeps  Lanae  Hydrosus. 
Sevum  Praeparatum. 

Acidum  Oleicum. — Lead  plaster  contains  oleate  of  lead.    Oleate  of 
zinc  is  used  in  an  official  ointment.    Tlie  oleate  of  mercury  is  official. 
Oleum  Olivas.    Dose,  \  to  i  oz. 
Oleum  Amygdalae. 
Oleum  Lini. 
Oleum  Theobromatis. 

Oleum  Ricini  and  Oleum  Crotonis. — Purgatives. 

Waxes  ;— 
Cetaceum. 

Preparation 

Unguentum  Cetacei. 

Cera  Alba. 
Cera  Flava. 
Paraffinum  Liquidum. 
Paraffinum  Durum. 
Paraffinum  Molie. 

Preparation 
Unguentum  Paraffini. 
Benzol. 

Soaps  : — 

Sapo.  Animalis. 
Sapo.  Durus. 

Preparations 

1.  Emplastrum  Saponis. — Hard  soap  and  lead  plaster. 

2.  Pilula  Saponis  Composita. — Containing  opium. 

Dose,  2  to  4  grs. 

Sapo.  Mollis. 

Preparation 

Linimentum  Saponis.— Opodeldoc.    Contains  camphor. 
Glycerinum. 

Preparations 

1.  Glycerinum  Acidi  Borici. — 30  per  cent,  solution. 

2.  Glycerinum  Acidi  Carbolici. —  i  in  6. 

3.  Glycerinum  Acidi  Tannici. —  i  in  6. 

4.  Glycerinum  Aluminis. 

5.  Glycerinum  Amyli. 

6.  Glycerinum  Boracis. 

7.  Glycerinum  Pepsini. — i  dr.  represents  5  grs.  of  pepsin. 

Dose,  I  to  2  drs. 

8.  Glycerinum  Plumbi  Subacetatis. 
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9.  Glycerinum  Tragacanthae. 
10.  Suppositoria  Glycerini. 

Demulcents  : — 
Acaciae  Gummi. 

Preparation 

Mucilago  Acaciae. 

Dose,  I  to  4  drs. 

Tragacantha. 

Preparations 

1.  Glycerinum  Tragacanthae. 

2.  Mucilago  Tragacanthae. 

Dose,  I  to  4  drs. 

3.  Pulvis  Tragacanthae  Compositus, 

Dose,  20  to  60  grs. 

Linum  and  Linum  Contusum. 
Amylum. 

Preparation 

Glycerinum  Amyli. 
Glycyrrhizae  Radix. 

Preparations 

1.  Extractum  Glycyrrhizae. 

Dose,  5  to  20  grs. 

2.  Extractum  Glycyrrhizae  Liquidum. 

Dose,  2"  to  I  oz. 

3.  Pulvis  Glycyrrhizae  Compositus. — Senna,  liquorice  root,  sublimed 

sulphur. 

Dose,  60  to  120  grs. 

Amygdala  Dulcis. 

Preparations 

1.  Pulvis  Amygdalae  Compositus. 

Dose,  60  to  120  grs. 

2.  Mistura  Amygdalae. 

Dose,  2  to  I  oz. 

Gelatinum. 
Gossypium. 
Pyroxylinum. 

Preparations 

1.  Collodium. — Pyroxylin,  dissolved  in  ether  and  alcohol. 

2.  Collodium  Flexile. — Collodiuxn,  48  ;  Canada  balsam,  2  ;  castor 

oil,  I . 

3.  Collodium  Vesicans. — Pyroxylin,  i  ;  dissolved  in  Liquor  Epis- 

pasticus,  40. 

Caoutchouc. 

Preparation 

Liquor  Caoutchouc. — Tndia-rubber,  benzol,  carbon  bisulphide. 
Used  to  make  Charta  Sinapis. 
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Carbon  Bisulphidum. 

Sugars  : — 

Saccharum  Purificatum. 

Preparations 

1.  Syrupus. 

2.  Syrupus  Glucosi. 

Saccharum  Lactis.    Dose,  i  dr.  to  i  oz. 
Mel  Depuratum. 

Preparation 

Oxymel. — Hone}-  with  a  Uttle  acetic  acid. 
Dose,  I  to  2  drs. 

Glucidum.    Dose,  J  to  2  grs. 

Colouring-Agents  : — 
Crocus. 

,  Preparation 
Tinctura  Croci.  , 
Dose,  5  to  15  m. 

Coccus. 

Preparation  'r 

Tinctura  Cocci. 

Dose,  5  to  15  m. 

Pterocarpi  Lignum. 
Rhoeados  Petala. 

Preparateok 

Syrupus  Rhoeados. 

Dose,  J-  to  I  dr. 
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FERMENTS.    COD-LIVER  OIL.    VEGETABLE  TOXINS. 
INTERNAL  SECRETIONS.  SERUMTHERAPY. 
ANTAGONISM 

FERMENTS 

Pepsin  is  an  enzyme  obtained  from  the  mucous  membrane  of  the 
pig's,  sheep's,  or  calf's  stomach.  It  possesses  the  power,  in  the 
presence  of  warmth,  acidity  and  moisture,  of  hydrolysing  proteids 
into  peptones.  It  digests  only  in  acid  solution,  and  its  optimum 
action  occurs  when  the  percentage  of  hydrochloric  acid  is  between  0.2 
and  0.4  per  cent.  A  deficiency  of  gastric  juice  is  known  to  occur 
in  the  aged  who  suffer  from  chronic  wasting  diseases,  especially 
cancer  ;  and  so  pepsin  and  hydrochloric  acid  are  rationally  indi- 
cated in  such  conditions.  Nutrient  enemata  and  suppositories 
require  to  be  pre-digested,  the  rectum  being  poorly  provided  with 
ferments.  Pepsin  is  sometimes  used  to  pre-digest  albuminous 
food,  although  pancreatic  extract  is  on  the  whole  more  valuable 
for  this  purpose. 

Liquor  pancreatis  is  an  extract  of  the  fresh  pancreas  from  the 
pig.  It  contains  at  least  four  ferments,  the  most  important  being 
trypsin,  which  converts  proteids  into  peptones.  Another  ferment 
coagulates  milk,  a  third  emulsifies  fats,  and  a  fourth  hydrolyses 
starch  into  sugar.  If  the  extract  is  prepared  very  carefully,  so 
that  it  in  no  way  becomes  contaminated  with  intestinal  secretion, 
it  is  inactive.  The  extract  contains  zymogens,  but  no  enzj-nies. 
The  conversion  of  the  trypsinogen  into  trypsin  is  affected  by  another 
enzyme,  enterokinase,  which  occurs  in  abundance  in  the  mucous 
membrane  of  the  duodenum.  Pancreatic  ferments  require  an 
alkaline  medium,  and  their  activity  is  destroyed  by  the  hydro- 
chloric acid  in  the  stomach.  To  be  of  value,  they  must  produce 
their  effect  befoi-e  the  acid  juice  is  secreted  :  the  best  result  is 
seen  in  the  case  of  infants  who  have  been  deprived  of  their  normal 
food.  Many  of  the  artificial  foods  are  composed  of  ordinary  flour 
which  has  been  partly  converted  into  dextrine  by  dry  heat  : 
Benger's  food  is  such  a  substance,  with  the  addition  of  pancreatic 
extract.  The  principal  use  of  these  extracts  is  that  of  digesting 
foods  before  they  are  taken  internally.  They  are  therefore  employed 
for  peptonising  milk  and  farinaceous  foods,  and  may,  with  sodium 
carbonate,  be  advantageously  added  to  nutrient  enemata. 
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Pepsinum.    Dose,  5  to  10  grs. 

Preparation 

Glycerinum  Pepsini.— i  dv.  represents  5  grs.  oi  pepsin. 
Dose,  I  to  2  drs. 

Liquor  Pancreatis. 

Certain  vegetable  ferments  are  also  employed  in  medicine  : 
tlrree  of  these  only  require  mention. 

Malt  extract,  besides  containing  food-stuffs,  has  a  digestive 
ferment,  diastase,  which  converts  starch  into  maltose.  Malt  is 
barley  which  has  been  allowed  to  germinate  a  few  days,  thus  con- 
verting a  considerable  amount  of  its  starch  into  sugar,  and  then 
heated  to  a  certain  temperature.  If  this  temperature  is  too  high 
the  diastase  is  destroyed,  and  this  is  the  reason  so  majiy  of  the 
extracts  on  the  market  are  inert.  The  value  of  malt  taken  inter- 
nally depends  rather  on  its  high  nutritive  power  than  upon  the 

diastase  it  contains.  -c     +•  _ 

Taka-diastase  is  a  ferment  prepared  from  the  fungus  Eurotium 
It  is  extremely  active,  much  more  so  than  ordinary  diastase,  and 
converts  in  a  few  minutes  a  hundred  times  its  weight  of  starch 
into  maltose.    It  ceases  to  act  in  acid  solution  of  a  greater  strength 
than  o.i  per  cent.,  and  is,  therefore,  prescribed  internally  along  with 

sodium  carbonate.  .  .  r 

Papain  is  another  ferment  obtained  from  the  jmce  of  Canca 
-Papaya.  It  acts  either  in  moderately  acid  or  alkahne  solutions 
and  at  the  body  temperature;  it  is,  therefore,  taken  internally  m 
■  cases  of  dyspepsia,  since  its  power  of  peptomsmg  albumens  con- 
tinues all  down  the  intestines.  Papain  has  been  used  for  appli- 
cation to  diphtheritic  membranes,  which  it  digests.  It  has  also 
been  injected  into  tumours  with  the  object  of  effecting  their  absorp- 
tion ;  and  peptones  have  been  found  as  a  result  of  their  partial 
digestion. 

COD-LIVER  OIL 

Cod-liver  oil  is  extracted  from  the  cod's  liver.  Formerly  this 
was  done  by  leaving  the  livers  to  decompose  and  collecting  the 
oil  which  was  thus  set  free.  Now  a  steam  process  is  employed  and 
the  oil  is  melted  out  from  the  fresh  livers,  in  some  cases  without 
contact  with  the  air.  There  is  reason  to  believe  that_some  of  the 
oil  on  the  market  comes  from  other  fish,  such  as  shark  s  liver. 

The  composition  of  cod-liver  oil  is  stated  to  be  different  from 
that  of  other  oils.  Instead  of  containing  palmitm,  stearin,  and 
olein  it  is  believed  to  contain  only  about  4  per  cent,  of  palmitui, 
and  none  of  the  other  two.    In  their  j^lacc  thcrapin  and  jecolein 
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are  found,  which  are  glycerides  of  unsaturated  acids.  These  tend 
to  form  oxyacids  in  the  air.  The  oil  contains  from  l  to  5  per 
cent,  of  free  acid,  traces  of  iodine,  bromine,  phosphorus  in  organic 
combination,  and  cholesterin.  It  also  contains  several  amines  such 
as  butyl-amine  (C,H„.NH,)  and  amyl-amine  (C^Hu.NH^).  Formerly 
the  oil  was  dark  in  colour  and  extremely  'objectionable  to  the 
palate  :  it  contained  6  or  7  per  cent,  of  acid  and  a  considerable 
quantity  of  leucomaines.  The  modern  oil  is  almost  tasteless 
possesses  little  more  than  J  per  cent,  acid,  and  a  very  small  quantity 
of  leucomaines.  If  it  is  exposed  to  the  air  it  easily  oxidises  and 
becomes  rancid,  and  one  method  which  has  been  adopted  as  a 
preservative  is  to  keep  it  saturated  with  carbonic  acid. 

Cod-hver  oil  must  be  regarded  as  a  food  and  not  a  drug  •  it 
IS  the  most  easily  assimilable  of  all  fats.  It  increases  weight  and 
improves  the  condition  of  the  patient  generally:  many  people 
who  are  unable  to  digest  ordinary  fats  can  often  digest  this  oil 
In  the  case  of  infants  suffering  from  wasting  disease  the  oil  is 
advantageously  administered  by  rubbing  it  into  the  skin.  Its 
value  as  a  food  is  beyond  dispute.  Two  reasons  have  been  given 
for  this  (i)  This  fat  has  a  different  composition  from  other  fats 
and  is  more  rapidly  oxidised.  (2)  The  fat  is  stated  to  be  more 
readily  absorbed.  The  latter  is  said  to  be  due  to  the  excess  of 
free  acid,  so  that  it  is  emulsified  quicker ;  and,  indeed,  in  the  test- 
tube  there  can  be  no  question  that  the  emulsification  of  cod-liver 
oil  is  more  easily  produced  than  that  of  other  fats ;  but  it  is  not 
caused  by  an  excess  of  acid,  because  the  modern  oils  contain  so 
little. 

MATERIA  MEDICA 
Oleum  Morrhuae.    Dose,  i  to  4  drs. 


VEGETABLE  TOXINS 

There  are  certain  bodies  occurring  in  the  vegetable  kingdom 
which  bear  a  close  resemblance,  both  in  constitution  and  action, 
to  the  animal  toxins.  Ricin  is  one  such  body  contained  in  castor- 
oil  seeds.  It  is  a  powerful  poison,  0.04  mg.  per  kilo  body-weight 
being  fatal  to  rabbits.  A  small  injection  of  this  substance  gives 
nse  to  acute  gastro-enteritis,  with  intestinal  hemorrhages,  swelling 
of  the  lymphatic  glands,  and  ecchymoses  throughout  the  great 
omentum.  Death  in  these  cases  occurs  several  days  after  the 
mjection.  If  ricin  is  given  by  the  mouth  it  exerts  little  or  no 
irritant  action,  and  the  drug  is  rendered  harmless  in  the  stomacli. 
It  does  not  exist  in  castor  oil. 

As  examples  of  other  allied  vegetable  toxins,  abrin  from  jequirity 
seeds  and  crotin  from  croton  seeds  may  be  mentioned. 


ANIMAL  EXTRACTS 


425 


ANIMAL  EXTRACTS 
Adrenalin 

Adrenalin  is  the  name  given  to  the  active  principle  of  the  supra- 
renal glands.  It  has  the  composition  shown  below.  It  forms 
salts  of  which  the  chloride  is  freely  soluble  in  water,  and  solutions 
kept  out  of  contact  with  the  air  and  in  the  presence  of  some  anti- 


FiG.  84. — Record  of  the  Movements  of  an  Isolated  Rabbit's 
Heart  during  Perfusion  with  Ringer's  Solution. 

Shows  the  effect  of  introducing  adrenalin  (i  in  100,000)  into  the  circulating  fluid  for  a  period  of 
thirty  seconds.    Note  the  great  acceleration  and  increased  force  of  beat.    Time  =  seconds. 


septic  can  be  preserved  indefinitely.  This  drug  has  a  most  re- 
markable action  ;  its  effect  upon  any  structure  is  invariably 
that  which  follows  excitation  of  the  sympathetic  nerves  supplying 
the  tissue. 


OH 


CH.OH 


CH,.NH.CH, 
IVdrenalin. 
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The  following  effects  are  only  obtained  when  the  drug  is  injected 
into  the  blood. 

Circulatory  System. — Adrenalin  enormously  accelerates  and  aug- 
ments the  force  of  the  beat  of   the  isolated  mammalian  heart 


Fig.  85. — Cat.    Intestinal  Volume  and  Blood-pressure. 

At  A  I  c.c.  of  a  solution  of  i  in  50,000  adrenalin  was  administered  by  the  jugular  vein. 
The  blood-pressure  rises  partly  from  increased  cardiac  output  and  partly,  as  shown  in  this 
figure,  from  vaso-constriction.  As  the  vessels  begin  to  dilate  blood-pressure  falls  to  a  point 
below  the  normal.  Note  the  cardiac  inhibition  during  the  rise  in  pressure.  This  is  diie  to 
stimulation  of  the  medulla  by  the  increased  pressure  and  so  does  not  occur  if  the  vagi  are 
severed.    Time  =  seconds. 

(Fig.  84).  This  action  is  much  greater  than  can  be  obtained  with 
any  other  drug,  but  its  duration  is  very  limited. 

Perfusion  of  the  drug  through  an  isolated  organ,  the  vessels  of 
which  are  innervated  by  the  sympathetic,  gives  rise  to  an  intense 
constriction,  so  that  outflow  from  the  vein  almost  ceases.  Per- 
fusion through  vessels  which  are  not  innervated,  such  as  those  of 
the  lungs,  liver  and  the  coronary  vessels,  has  no  effect.    If  adrenalin 
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is  administered  to  the  intact  animal,  it,  therefore,  causes  a  great 
rise  in  blood-pressure  :  the  heart-beat  is  at  first  retarded  reflexly 
by  this  big  pressure,  but  if  the  vagi  be  cut  it  becomes  decidedly 
quicker  (Fig.  85). 


Fig.  86.  Cat.    Intestinal  Movements  and  Blood-pressure. 

The  intestine  is  made  to  record  bv  fixing  a  balloon  in  its  lumen.  The  balloon  is  filled  with 
air  and  communicates  with  a  manometer  so  that  the  height  of  the  fluid  m  the  manometer 
records  the  degree  of  contraction  or  relaxation  of  the  intestine,  .-^t  A  i  c.c.  of  a  i  m  20  ooo 
adrenalin  chloride  was  injected  into  a  vein.  The  intestinal  movements  are  at  once  inhibited  and 
the  blood-pressure  rises.  Both  these  effects  correspond  to  excitation  of  sympathetic  nerves. 
Time  =  seconds. 

The  Alimentary  Tyflci!.— Adrenalin  inhibits  the  movements  of  the 
stomach  and  intestines  in  mammalia  except  the  ileo-colic  sphincter, 
which  contracts.  Other  plain  muscle,  such  as  that  of  the  spleen, 
is  also  powerfully  excited  (Fig.  86). 

Genito-urinary  Trad.— There  is  ]ironounced  contraction  of  the 
ureter,  vas  deferens  and  .seminal  vesicles,  and,  in  the  female,  of  the 
uterus  and  vagina.  The  bladder  of  the  mammal,  on  the  contrary 
is  inhibited.  The  muscles  of  the  hair  contract,  and  the  hairs  in 
consequence  become  erected. 
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The  Eye. — Adrenalin  causes  dilatation  of  the  pupil,  withdrawal 
of  the  nictitating  membrane,  separation  of  the  eyelids,  and  protrusion 
of  the  eyeball ;  this  effect  is  seen  best  in  the  cat. 

There  is  a  small  secretion  of  thick  viscid  saliva. 

We  believe  that  these  effects  are  entirely  on  the  so-called  sym- 
pathetic nerve-endings,  and  the  reasons  for  this  statement  are  as 
follows  : — 

(1)  The  effect  always  corresponds  exactly  with  that  of  sympathetic 
excitation. 

(2)  Perfusion  through  vessels  which  have  no  sympathetic  supply, 
such  as  the  pulmonary  or  coronary,  produces  no  constriction,  3'et 
these  vessels  contract  to  muscle-poisons,  such  as  barium  or  veratrine, 
quite  typically. 

(3)  If  the  vaso-motor  nerve-endings  in  any  vessels  are  para- 
lysed with  apocodeine,  adrenalin  no  longer  produces  constriction, 
although  the  muscle  is  still  intact,  as  shown  by  its  response  to 
barium. 

The  introduction  of  adrenahn  into  the  circulation  at  all  times 
produces  a  very  fugitive  effect,  and  the  adrenalin  is  destroyed. 
This  destruction  apparently  goes  on  at  the  "nerve-endings"  until 
these  are  saturated  ;  for  we  know  that  after  perfusing  the  drug 
through  innervated  vessels  only  a  certain  amount  is  destroyed. 
What  apparently  happens  is  a  combination  between  the  adrenalin 
and  some  constituent  at  the  periphery,  which  results  in  stimulation 
of  the  muscle,  and,  when  all  this  latter  substance  is  used  up,  the 
adrenalin  circulates  free  in  the  blood  and  produces  no  further 
effect.  •: 

The  application  of  this  drug  to  disease  results  in  different  effects, 
according  to  the  mode  of  its  administration. 

Locally  applied  to  mucous  membranes,  it  causes  intense  con- 
striction of  the  peripheral  vessels,  and  so  arrests  bleeding.  It  may 
be  taken  internally  for  bleeding  from  the  stomach  (htematemesisj, 
but  it  is  valueless  in  cases  of  remote  haemorrhage,  because  the  drug 
is  destroyed  before  or  during  absorption.  Adrenahn  is  also  valuable 
in  post-partum  haemorrhage  in  the  form  of  an  injection,  and  acts 
both  by  constricting  the  vessels  and  the  uterine  muscle. 

Subcutaneous  injections  give  rise  to  local  constriction  of  the  vessels, 
but  when  the  dose  is  moderate  (xwgi"-^  there  is  no  general  sj^stemic 
effect.  In  order  to  raise  the  blood-pressure  by  subcutaneous 
injection,  much  larger  doses  must  be  administered. 

Intravenous  injection  gives  rise  to  all  the  effects  we  have  already 
noted.  It  may  be  valuable  in  cases  of  sudden  cardiac  failure,  for, 
as  soon  as  the  drug  reaches  the  heart,  it  enormously  increases  both 
the  force  and  frequency  of  its  beat. 

The  nerve-ending  cannot  be  regarded  as  a  simple  structure  to  be 
excited  or  depressed.  It  is  a  complex  organ  containing  manj'  points 
upon  which  drugs  can  exert  an  action.  It  is  possible  that  when  a  nerve 
is, stimulated  some  body  at  the  nerve-ending  is  set  free,  which  by  com- 
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billing  with  anntlier  chemical  substance  induces  activity  in  the  end-organ 
(gland  or  muscle).  Thus,  when  a  sympathetic  nerve  is  excited  adrenalin 
is  set  free  and  combines  with  some  substance,  possibly  in  the  end-organ, 
which  induces  activity  but  destroys  the  adrenalin.  It  is  obvious  that 
il  much  adrenalin  is  given  this  substance  will  in  time  all  be  used  up, 
and  so  the  nerve-ending  is  said  to  become  paralysed.  In  the  same  way 
muscarine  paralyses  the  vagal  nerve-endings,  because  it  destroys  all  the 
particular  body  upon  which  the  normal  secretion  from  these  nerve- 
endings  acts. 

Secretin 

When  hydrochloric  acid  reaches  the  duodenum  from  the  stomach, 
it  combines  with  or  renders  soluble  some  body  present  in  the  epithe- 
Ual  cells  of  the  duodenum,  called  prosecretin :  the  resultant 
soluble  substance  has  been  termed  secretin  by  Bayhss  and  Starling. 
This  body  has  a  specific  action  on  the  pancreas,  and  produces  a  big 
flow  of  juice.  In  this  process  the  secretin  is  destroyed,  and  appears 
to  enter  into  chemical  combination  with  some  constituent  of  the 
pancreas.  We  are  inclined  to  think  that  one  of  these  bodies  is  a 
protrypsinogen,  and  that  the  combination  of  secretin  and  pro- 
trypsinogen  gives  rise  to  trypsinogen,  which  is  excreted,  and  on 
reaching  the  intestine  is  converted  by  a  ferment  enterokinase  into 
trypsin.  The  destruction  of  the  secretin,  whilst  inducing  glandular 
activity,  is  analogous  to  the  destruction  of  adrenahn  during  sym- 
pathetic activity. 

If  secretin  is  injected  subcutaneously  when  no  food  is  passing 
through  the  duodenum,  the  flow  of  pancreatic  juice  may  cause 
inflammation  of  the  mucous  membrane  of  the  duodenum.  The 
prolonged  use  of  secretin  leads  to  great  tissue- breakdown  and  an 
excessive  secretion  of  nitrogen,  sulphates,  phosphates  and  chlorides 
in  the  urine.    But  sugar  or  albumen  is  not  present. 

The  cUnical  indications  for  the  employment  of  secretin  are  at 
present  undefined. 

Starling  has  recently  proposed  the  generic  name  hormone  for 
the  chemical  bodies  occurring  naturally  in  the  animal  body  which 
specifically  excite  tissues.  Two  are  known  which  excite  glands, 
secretin  and  a  second  substance  which  is  obtained  by  boiUng  a 
watery  extract  of  foetus.  If  such  a  solution  is  injected  at  intervals 
into  a  female  animal,  the  mammary  glands  begin  to  develop  even 
in  the  virgin,  and  the  development  proceeds  to  the  milk-secreting 
stage. 

Thyroid  Gland 

In  1856  Schiff  showed  that  thyroidectomy  was  fatal  to  animals. 
In  1882  Kocher  and  Reverdin  compared  the  condition  of  a  patient 
whose  thyroids  had  been  removed  with  the  disease  myxoedema.  It 
soon  became  evident  that  this  disease  was  brought  about  by  a 
deficiency  of  thyroid  secretion,  and  could  be  cured  by  grafting  the 
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gland  under  the  skin,  by  injecting  an  extract  of  the  gland  subcu- 
taneously,  or  by  eating  the  gland. 

The  active  principle  of  the  gland  occurs  in  the  colloid  material, 
and,  as  it  is  not  destroyed  by  concentrated  acids  nor  by  peptic 
digestion,  it  is  readily  separated  from  proteid  material.  This 
substance,  iodothyrin,  appears  to  have  a  somewhat  variable  com- 
position :  it  is  very  rich  in  iodine  (9.3  per  cent.,  according  to  Bau- 
mann),  probably  contains  a  pyridine  nucleus,  and  sulphur  and 
phosphorus  also  enter  into  the  molecule.  Iodothyrin  is  insoluble 
in  water  and  alcohol,  but  is  soluble  in  dilute  alkalies.  The  amount 
of  iodine  present  varies  at  different  periods  of  life  :  it  is  very  small 
in  children,  rises  to  a  maximum  in  adult  life,  and  gradually  declines 
in  old  age.  Outside  the  body  it  combines  directly  with  iodine 
and  becomes  inactive. 

Thyroidectomy.— If  the  thyroid  gland  is  removed  from  dogs, 
they  rapidly  develop  increased  reflex  excitability,  and  occasionally 
show  intermittent  convulsions.  Death  occurs  in  a  few  days.  If  a 
dose  of  thyroid  is  injected  into  a  vein  a  few  hours  before  death 
all  the  vital  functions  are  stimulated,  the  heart,  for  example, 
beats  more  vigorously,  and  the  blood-pressure  rises. 

The  symptoms  in  man  and  monkey  after  thyroidectomy  develop 
much  more  slowly,  and  are  characterised  by  a  peculiar  growth 
of  connective  tissue,  which  is  very  rich  in  mucus  and  particularly 
prevalent  in  the  skin.  This  condition  is  also  characteristic  of 
myxoedema.  In  the  rabbit,  thyroidectomy  does  not  produce 
death,  but  if  the  parathyroids  are  also  removed  death  ensues  very 
rapidly. 

The  continued  administration  of  thyroids  to  healthy  individuals 
results  in  profound  changes  in  the  nervous  and  circulatory  systems 
and  on  metabolism. 

Metabolism  is  greatly  increased;  the  excretion  of  nitrogen, 
stdphur  and  phosphorus  in  the  urine  is  augmented.  The  gaseous 
exchange  is  also  greater,  and  the  weight  of  the  individual  drops. 
There  is  a  great  rise  in  the  amount  of  oxygen  taken  in,  and  a  very 
considerable  but  relatively  smaller  increase  in  the  carbonic  acid 
chmination.  The  loss  of  weight  is  much  greater  than  can  be 
accounted  for  by  destruction  of  proteid  tissue,  and  we  are  led  to 
the  conclusion  that  there  is  an  augmented  consumption  of  fat. 

It  is  well  known  that  if  we  increase  the  amounts  of  carbohydrates 
and  fat  in  the  fixed  diet  of  a  man  who  is  in  nitrogenous  equilibrium, 
we  diminish  the  amount  of  proteid-breakdown  in  the  body,  that 
IS,  carbohydrates  and  fats  are  proteid-sparers.  Thyroid  feeding 
gives  rise  to  an  excessive  tissue-waste,  which  is  not  stayed  by  the 
administration  of  carbohydrate  or  fat.  But  this  augmented 
proteid-breakdown  only  accounts  for  about  one-sixth  of  the  loss 
of  weight ;  the  rest  must,  therefore,  be  due  to  the  oxidation  of  fat 
and  to  the  removal  of  fluid.  A  perfect  "anti-fat"  should  increase 
the  consumption  of  fat  without  at  the  same  time  exaggerating 
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proteid-breakdown.  Thyroid,  as  we  have  seen,  does  not  do  this. 
This  action  of  thyroid  is  peripheral,  because  the  post-mortem 
breakdown  of  tissues  under  antiseptic  conditions  (autolysis)  goes 
on  more  rapidly  if  the  animal  has  been  fed  with  thyroids  during  life. 

Circulation.— The  most  constant  effect  of  thyroid-feeding  is 
acceleration  of  the  heart,  and  no  explanation  of  the  action  is  as  yet 
forthcoming.  It  is  possible,  however,  that  some  of  the  effects  on 
the  circulatory  and  nervous  systems  may  be  due  to  the  increased 
tissue-breakdown  and  the  liberation  of  purine  derivatives. 

Contrary  to  what  has  been  generally  stated,  there  is  no 
effect  on  blood-pressure.  The  fall  of  pressure  which  occurs  when 
decoctions  of  the  gland  are  injected,  is  due  to  organic  extractives, 
and  there  is  no  effect  on  the  blood-pressure  when  the  drug  is  given 
by  the  mouth.  Medicinal  doses  of  thyroid  lead  to  a  relative  in- 
crease in  the  number  of  the  lymphocytes.  The  excretion  of  urine  is 
augmented  apparently  on  account  of  the  largely  increased  excretion 
of  urea. 

Symptoms  of  thyroidism  are  very  variable  ;  sometimes  large 
doses  have  no  effect,  while  small  doses  may  give  rise  to  headache, 
wandering  pains,  and  weakness.  The  most  characteristic  effects 
are  a  very  rapid  pulse,  often  associated  with  palpitation,  aUmentary 
symptoms,  such  as  loss  of  appetite,  nausea  and  diarrhoea,  fine 
tremors,  perspiration,  and  a  slight  rise  in  temperature,  the  latter 
being  directly  due  to  the  augmented  metabolism.  Thyroidism 
occurs  more  frequently  in  those  suffering  from  myxoedema  than 
in  normal  people.  . 

In  cases  of  simple  goitre,  the  hypertrophy  of  the  thyroid  is  a 
physiological  response  to  a  great  demand  for  the  secretion.  This 
explains  the  remarkable  diminution  which  certain  of  them  undergo 
after  thyroid  feeding.  Also,  simple  goitres  are  often  greatly  dimi- 
nished by  a  course  of  iodides,  and  we  know  that  these  drugs  increase 
the  amount  of  iodine  present  in  iodothyrin,  which,  in  some  cases 
at  least,  is  thereby  rendered  more  active. 

Graves'  disease  or  exophthalmic  goitre  is  aggravated  by  thyroid 
treatment  •  and  we  have  reason  to  believe  that  one  feature  of  this 
disease  is  a  hypersecretion  from  the  gland.  All  the  symptoms  of 
thyroidism  are  present,  with  exophthalmos.  The  latter  sign  can 
be  produced  by  experimental  thyroid  feeding,  but  not  to  any  very 
marked  degree.  The  effect  of  the  drug  on  the  eye— proptosis,  dila- 
tation of  the  pupil,  widening  of  the  palpebral  fissure— erection  of  the 
hair,  acceleration  of  the  pulse,  are  such  as  can  be  produced  by 
sympathetic  stimulation. 

Besides  myxoedema  cretinism  is  benefited  by  thyroid  treatment ; 
this  is  especially  the  case  if  the  patient  is  treated  early,  his  intellect 
improves,  his  growth  is  augmented,  and  he  loses  much  of  his  defor- 
mity. Chronic  psoriasis  is  sometimes  cured  by  a  course  of  this  treat- 
ment, probably  by  the  action  of  the  drug  on  metabolism. 
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MATERIA  MEDICA 

Thyroideum  Siccum. — A  powder  prepared  irojn  sheep's  thyroid. 
Dose,  3  to  10  grs. 

Liquor  Thyroidei.— A  preparation  of  the  ghind  containing  glycerin 
and  phenol.  loo  ni.  =  one  gland.    Dose,  5  to  15  m. 

SERUM  THERAPY 

If  bacteria  are  grown  in  broth  tliey  produce  in  many  ca.ses  a 
poisonous  body,  probably  of  a  proteid  nature,  which  can  be  separated 
from  the  bacteria  by  filtration,  and  to  which  we  give  the  name 
toxin.  When  these  toxins  are  injected  into  living  animals,  they 
give  rise  to  the  same  effects  as  injections  of  the  actual  living  organism 
from  which  they  are  derived.  Not  all  bacteria  have  this  property 
of  secreting  toxins  ;  diphtheria  and  tetanus  bacilh  produce  a 
plentiful  supply  of  toxin,  but  others  like  the  pneumococcus  possess 
this  power  very  slightly  ;  nevertheless,  they  may  be  very  toxic  in 
vn-tue  of  their  power  of  multiplying  in  the  tissues.  Immunity 
to  toxins  or  to  bacteria  may  be  natural  or  acquired.  All  animafs 
exhibit  a  certain  degree  of  natural  immunity,  large  in  some  cases 
and  small  in  others,  and  this  may  be  increased  to  a  small  extent 
by  the  injection  of  any  proteid  substance,  or  even  of  sterile  broth. 
By  such  a  means  it  is  possible  to  avoid  death  in  animals  by  the 
subsequent  injection  of  a  minimal  fatal  dose  of  bacteria  or 
their  toxins.  We  are  concerned  here  with  artificial  immunity, 
which  is  of  a  specific  nature,  only  protecting  the  animal  against 
the  particular  organism  to  which  it  has  been  immunised. 
«  ^^'^^fl^^^  immunity  is  concerned  with  the  production  of  certain 
"  anti "  bodies  in  the  blood ;  these  are  of  two  kinds  :  antitoxins, 
which  chemically  neutralise  the  toxin,  and  antibacterial  bodies, 
which  attack  the  bacilli  and  prevent  their  growth. 

Antibacterial  substances  possess  the  power  of  dissolving  and 
destroying  the  corresponding  bacteria.  This  power  is  lost  by  heating 
to  55°  C.  or  by  keeping  for  eight  days,  but  is  regained 'on  the  addition 
of  a  fresh  quantity  of  serum.  A  normal  guinea-pig  dissolves  a 
certam  number  of  Hving  cholera  bacilli  injected  intraperitoneally, 
and  the  fresh  serum  of  this  animal  also  exerts  a  similar  effect.  This 
power  is  ascribed  to  "  alexins."  If  the  guinea-pig  is  made  immune 
to  cholera  its  antibacterial  properties  are  enhanced  :  if  now  some 
of  its  serum  is  injected  into  a  second  normal  guinea-pig,  the  power 
to  dissolve  very  large  quantities  of  cholera  bacilli  is  also  trans- 
mitted, that  is,  we  have  a  specific  bactericide. 

Antitoxins  are  produced  by  injecting  susceptible  animals  with 
hvmg  cultivations  of  the  bacterium  or,  better,  its  toxin.  The 
injections  are  at  first  small,  but  must  be  repeatedly  increased  until 
the  desired  degree  of  immunity  is  attained  :  the  immunity  results 
from  the  form.ation  of  antitoxin.    Ehrlich  has  devised  an  hypo- 
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thesis  known  as  the  side-chain  theory,  to  account  for  the  production 
of  anti-bodies.  He  considers  that  those  cells,  generally  of  the 
central  nervous  system,  which  are  attacked  by  toxins,  possess  a 
side-chain  to  which  the  toxin  can  attach  itself.  After  the  injection 
of  several  doses  of  toxin,  these  side-chains  tend  to  increase  in  number, 
the  supply  more  than  meeting  the  demand  necessary  to  satisfy 
the  toxin  ;  in  this  case  the  side  chains  get  thrown  off  and  occur 
free  in  the  blood  as  antitoxin.  In  chap.  i.  we  have  ah-eady  seen 
that  toxin  and  antitoxin  combine  together  chemically  and  form  a 
non-toxic  substance. 

Let  us  try  and  obtain  a  simple  conception  of  what  is  going  on  in 
the  hving  ceU  during  antitoxin  formation.  If  a  smaU  quantity  of 
toxin  is  injected  into  the  system,  it  combines  with  some  substance 
generally  in  the  brain.  This  we  know,  because,  if  a  mixture  of 
brain-emulsion  and  toxin  is  made  outside  the  body  and  the  resulting 
emulsion  is  injected  into  another  animal  no  poisonous  effect  is 
produced  ;  the  toxin  is  neutralised.  We  must,  therefore,  assume  that, 
in  the  cycle  of  co-ordinated  chemical  changes  (fermentations) 
which  make  up  the  hfe  of  the  cell,  one  product  has  the  power  of 
combining  with  toxin. 

If  we  take  any  simple  fermentation  and  arrange  matters  so 
that  the  supply  of  fermentable  material,  as  well  as  the  products 
of  the  process,  are  kept  constant,  then  the  fermentation  proceeds 
regularly  and  evenly  :  if  now  we  remove  the  products  of  the  action 
more  rapidly,  the  fermentation  is  at  once  stimulated.  This,  we 
beheve,  is  what  takes  place  in  antitoxin  production.  The  toxm 
combines  with  the  normal  antitoxin,  removes  it  from  the  sphere  of 
action,  and  so  leads  to  an  exaggerated  formation  of  this  substance 
in  a  way  analogous  to  the  increased  production  of  alcohol  during 
sugar  fermentation  which  can  be  brought  about  by  removing  some 
of  the  alcohoL 

Immunity  to  disease  may  be  acquired  in  the  following  ways  : — 

(1)  By  a  previous  attack  of  the  disease. 

(2)  By  the  injection  of  attenuated  cultures,  and,  later,  of 

virulent  cvdtures. 

(3)  By  the  gradual  injection  of  toxin. 

(4)  By  injection  of  antitoxin. 

Diphtheria  Antitoxin 

To  obtain  antitoxin  it  is  first  necessary  to  prepare  a  toxin. 
This  is  done  by  growing  a  suitable  variety  of  diphtheria  bacillus 
in  broth  :  after  some  weeks  growth  the  broth  must  be  filtered, 
and  ought  then  to  contain  a  good  .supply  of  toxin,  .so  that  at  most 
,V  c.c.  should  kill  a  guinea-pig.  The  sterile  toxin  is  then  injected 
into  a  hor.se,  beginning  with  a  dose  of  i  c.c,  and  gradually  increasing, 
u[)  to  several  hundred  cu.  cms.  as  the  horse  becomes  immune. 
After  some  months  treatment  in  this  way  the  horse  is  bled  to  about 
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eight  litres,  and  tlie  serum  collected  in  sealed  tubes,  with  a  small 
amount  of  carbolic  acid  to  prevent  decomposition. 

The  standardisation  of  all  forms  of  antitoxin  is  absolutely 
necessary  ;  and  the  unit  generally  employed  for  this  purpose 
is  the  quantity  which  completely  neutralises  two  hundred  fatal 
doses  of  toxin  to  a  guinea-pig  of  about  two  hundred  grams  weight. 
The  strength  of  antitoxin  as  commonly  sold  varies  from  four 
hundred  to  three  thousand  units  per  c.c.  These  drugs  must 
always  be  injected  subcutaneously ;  an  average  dose  is  five 
thousand  units,  and  the  amount  which  it  is  decided  to  give  in  any 
case  of  diphtheria  should  be  injected  during  the  first  twenty-four 
liours. 

The  results  of  tliis  treatment  are  : — (i)To  prevent  further  exuda- 
tion and  to  hasten  the  absorption  of  that  which  is  present;  (2)  to 
improve  the  general  condition  of  the  patient,  especially  the  pulse, 
to  diminish  swollen  glands,  and,  above  all,  greatly  to  diminish 
the  mortality. 

Diphtheria  toxin  injected  into  animals  causes  cloudy  sweUing 
and  fatty  degeneration  of  the  heart.  But  these  changes  ai'e  not 
produced  if  antitoxin  is  injected  soon  after  the  toxin.  When  the 
heart-muscle  is  once  affected,  the  antitoxin  has  little  beneficial 
effect.  Hence  the  importance  of  getting  the  antitoxin  -in  early 
before  degenerative  changes  have  had  time  to  develop. 

Certain  untoward  effects  may  be  produced  by  the  serum  and 
not  by  the  antitoxin  itself.  They  are  : — (i)  Rashes  in  about  35 
per  cent,  of  the  cases ;  these  occur  during  the  first  week  and  are 
generally  erythematous,  more  rarely  papular  or  urticarial  ;  (2) 
pains  in  the  joints;  (3)  .shght  pyrexia;  (4)  septic  troubles  (avoid- 
able) ;  and,  lastly,  collapse,  which  is  extremely  rare  and  the  only 
serious  complication. 

Tetanus  Antitoxin 

Tetanus  toxin  as  usually  obtained  is  very  powerful,  so  that  an 
injection  of  even  one-thousandth  part  of  a  cubic  centimetre  of  a 
filtered  broth  cultivation  is  sufficient  to  kill  a  guinea-pig.  If  the 
toxin  is  injected  into  an  animal,  it  is  slowly  absorbed  from  the 
motor  nerve-endings,  passes  gradually  up  the  nerves  to  the  brain  and 
cord,  and  not  until  it  reaches  these  does  it  produce  its  typical 
action.  It  increases  the  reflexes,  and  gives  rise  to  convulsions 
which  have  some  resemblance  to  those  of  strj'chnine  poisoning. 
The  muscular  contractions  begin  near  the  seat  of  injection,  that  is, 
they  travel  up  the  nerves  from  the  nerve-endings  nearest  the  seat 
of  injection,  and  so  affect  the  central  cells  from  this  area  before 
the  other  parts  of  the  central  nervous  system. 

Tetanus  antitoxin  has  not  been  such  a  success  as  was  anticipated. 
First;  because  the  disease  is  not  recognised  until  convulsions  occur  ; 
in  otlicr  words,  until  actual  lesions  have  been  produced  in  nerve- 
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cells  •  and  secondly,  because  the  antitoxin  does  not  obtain  access 
to  the  cord  and  brain,  for,  unlike  toxin,  it  is  not  absorbed  by  the 
motor  nerve-endings.  Even  rabbits,  whose  blood  has  been  ren- 
dered powerfully  antitoxic  by  the  previous  subcutaneous  mjection 
of  serum,  contain  no  antitoxin  in  their  central  nervous  system, 
because  if  an  injection  of  toxin  is  made  into  their  bram  it  produces 
typical  tetanic  convulsions.  When,  therefore,  tetanus  is  fully 
developed  the  serum  must  be  administered  by  slowly  mjectmg  it 
into  the  brain  substance,  through  a  hole  drilled  in  the  cranium  over 
the  centre  of  the  motor  area. 


Antistreptococcic  Serum  • 

Streptococci  are  instrumental  in  the  production  of  erysipelas, 
septicccmia,  pvfemia  and  malignant  endocarditis.  To  prepare  the 
serum,  virulent  cultures  are  first  obtained,  and  this  is  done  by 
passing  the  organism  through  several  rabbits.  When  sufhciently 
toxic  they  are  grown  on  a  suitable  medium  and  used  to  immunise 
a  horse.  The  serum  obtained  from  such  an  animal  is  not  anti- 
toxic, for  streptococci  yield  no  toxin.  It  is  antibacterial ;  that 
is  to  say,  it  protects  against  living  cocci.  It  is  probable  that 
there  are  different  varieties  of  streptococci,  and  it  has  been  shown 
that  serum  prepared  from  one  variety  will  not  protect  against 
other  streptococci. 

The  results  obtained  with  this  serum  have  been,  therefore,  some- 
what divergent. 

Antivenomous  Serum 

Animals  can  be  immunised  to  snake  poison  by  injecting  sub- 
lethal doses  at  first,  which  are  gradually  increased.  A  horse  can 
thus  be  rendered  immune  and  an  antitoxin  prepared  in  the  ordinal  y 
way.  The  serum  is  successful  in  the  human  subject  if  it  is  injected 
sufficiently  soon  after  the  bite. 

» 

Rabies 

If  the  spinal  cord  of  an  animal  which  has  died  of  rabies  i.s  allowed 
to  dry  for  twelve  days,  and  is  then  made  into  an  emulsion  its 
injection  into  rabbits  no  longer  produces  death  from  rabies,  i  as- 
teur's  treatment  of  this  disease  consists  in  the  injection  of  emulsions 
of  such  cords  taken  from  rabbits.  After  the  cords  have  been 
allowed  to  dry  the  requisite  number  of  days,  they  are  emulsihed 
with  a  little  sterile  broth  and  injected  under  the  skin  ol  the  pa  lent  s 
abdomen.  The  treatment,  therefore,  is  jn-ophylactic  and  not 
curative  ;  it  only  acts  by  preventing  the  development  of  rabies. 
Other  sera  of  more  doubtful  value  are  antityphoid  (bactericidal), 
anticholera,  antipneumococcic  and  antitubcMrular. 
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POLLANTIN 

PoUantin  is  an  antitoxin  employed  in  hay  fever.  It  is  prepared 
by  making  an  animal  immune  against  certain  toxins  which  are 
present  in  the  pollen  of  grasses.  The  antitoxin  is  applied  directly 
to  the  nostrils  of  those  suffering  from  the  disease,  and  brings  relief 
in  a  considerable  proportion  of  cases. 

ANTAGONISM 

By  antagonism  we  mean  the  counteraction  of  one  drug  by  another. 
The  antagonism  between  many  drugs  is  easy  to  understand,  and 
we  have  already  had  several  examples.  Thus,  the  acids  are  antago- 
nised by  the  alkalies,  calcium  by  citrates,  and  arsenic  under  certain 
conditions  by  freshly  dehydrated  ferrous  sulphate.  The  antago- 
nism in  these  cases  involves  simple  and  well-known  chemical 
reactions. 

The  antagonism  between  drugs  which  exert  a  specific  action  of 
an  opposite  kind  on  a  tissue  is  much  more  difficult  to  explain. 
Such  drugs  are  rarely  mutually  antagonistic  to  one  another,  but 
.  a  few  examples  of  mutual  antagonism  exist.  Spermine,  an  ex- 
tractive which  occurs  in  most  tissues,  diminishes  the  force  and  fre- 
quency of  the  frog's  heart ;  and  atropine  brings  back  the  original 
condition.  Further  applications  of  spermine  again  weaken  and 
slow  the  heart,  and  atropine  repi'oduces  the  original  beat.  Or 
veratrine  and  potassium  are  mutually  antagonistic  to  muscle. 
Veratrine  applied  to  the  skeletal  muscle  of  a  frog  greatly  prolongs 
the  curve  of  relaxation.  The  application  of  a  dilute  solution  of 
potassium  chloride  soon  causes  the  normal  muscle- twitch  to 
reappear.  Or,  if  the  muscle  is  first  made  very  feeble  with  potas- 
sium chloride,  veratrine  salts  will  bring  back  the  strength  of 
contraction. 

More  usually,  antagonism  between  two  drugs  is  not  mutual. 
Thus,  atropine  is  antagonistic  to  pilocarpine,  but  pilocarpine  is  not 
antagonistic  to  atropine. 

It  has  been  already  pointed  out  that  physiological  action  is 
sometimes  determined  by  chemical  combination  of  the  drug  with 
some  dead  constituent  of  the  living  cell.  In  this  process  the  drug 
may  be  destroyed  (secretin,  adrenaUn,  and  perhaps  morphine) ; 
or  it  may  simply  enter  into  some  form  of  loose  combination  with 
some  substance,  and  thereby  increase  or  diminish  one  of  the  many 
vital  fei"mentations  proceeding  in  that  cell.  It  is  clear,  then, 
that  there  must  be  very  many  positions  in  a  cell  upon  which  a  drug 
may  act.  To  illustrate  this  point,  let  us  take  one  structure,  the 
third  nerve  and  circular  muscle  of  the  eye.  In  this  system  we 
are  able  to  touch  upon  at  least  three  points  at  which  dmgs  may 
act.  (i)  Physostigmine  constricts  the  muscle  by  exciting  what 
we  may  call  the  nerve-endings.    By  extirpating  all  the  ganglion- 
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cells  connected  with  this  nerve,  and  allowing  tmie  for  the  nerve  to 
degenerate,  we  abolish  the  effect  of  physostigmme  oil  the  muscle. 
(.)  But  pilocarpine,  a  drug  which  is  usually  regarded  as  acting  on 
the  same  point  as  physostigmine,  stiU  produces  constriction,  and 
herefore  cannot  act  in  the  same  way.     3)  Atropine  acts  either 
at  some  point  peripheral  to  the  pilocarpine,  for  minute  amounts 
'of  atropine  antagonise  very  large  amounts  of  pilocarpine,  or,  as  is 
much  more  probable,  it  destroys  the  two  substances  for  which  th^ 
pilocarpine  and  physostigmine  respectively  have  an  affinity.  (4) 
Barium  or  veratrine  act  more  peripherally  than  any  of  these,  and 
produce  constriction  equally  well  on  the  atropmised  as  on  the  normal 

"'The  question  whether  a  drug  which  excites  a  given  structure 
can  remove  the  effects  of  another  drug  which  depresses  that  struc- 
ture is  thus  a  very  comphcated  one.  Formerly  it  was  assumed 
that  there  was  only  one  substance  in  a  cell  upon  which  a  drug 
could  act,  and  hence  it  was  supposed  that  the  biogen-pilocarpine 
compound  functionated  very  actively,  the  biogen-atropine  com- 
pound very  sluggishly,  and  the  biogen  \p-[°,Pi"pine  compound  very 

nearly  like  the  free  biogen  molecule.  ,     •  1    •  1 

We    may   now    turn    to   some    examples    of  physiological 

antagonism.  r  •       ^  +• 

On  striped  muscle  we  have  the  antagonism  of  potassium,  tatigue 
and  cold,  to  drugs  like  barium  and  veratrine  which  augment  the 
strength 'of  contraction  and  prolong  the  relaxation.    The  latter 
drtigs  act  by  increasing  katabolism,  and  thereby  inducing  a  pro- 
longation of  the  period  of  active  contraction.    Potassium  and 
fatigue  by  reducing  the  amount  of  substance  capable  of  kataboiic 
change'  counteract  the  effects  of  veratrine.    On  plain  muscle  the 
best  example  is,'  perhaps,  that  of  the  nitrites  and  barium  on  the 
vessels    The  nitrites  depress  muscle-fibre  and  so  dilate  the  vessels, 
barium  excites  the  muscle  and  so  tends  to  constrict  the  vessels  ; 
but  whether  the  two  drugs  act  on  the  same  constituent  m  the 
muscle-fibre  it  is  impossible  to  say.    On  cardiac  muscle  such  drugs 
as  chloroform,  chloral  and  potassium  diminish  the  force  of  con- 
traction and  increase  the  relaxation,  whilst  barium  and  verati-ine, 
on  the  contrary,  increase  the  force  of  contraction  and  diminisli 
relaxation.    Hence,  these  drugs  are  antagonistic  to  one  anothei. 
On  such  an  organ  as  the  heart  many  drugs  produce  antagonistic 
effects  without  acting  on  the  same  structure  :  aconitine  and  catteine. 
by  stimulating  the  excito-motor  area,  quicken  the  heart,  and  this 
effect  is  in  a  limited  degree  antagonised  by  pilocarpine,  whicli 
excites  the  vagal  endings.    Or  the  effect  of  a  big  dose  of  pilo- 
carpine, which  tends  to  slow  the  heart  through  the  vagus,  is  annulled 
by  an  injection  of  adrenalin,  whicli  quickens  the  heart  through  the 

accelerator  nerve.  ■    1    f  -n  c 

The  antagonistic  action  of  drugs  on  nerve-endmp  is  best  iiius- 
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trated  by  that  of  atropine  and  pilocarpine.    Pilocarpine  produces 
slowing  of  the  heart,  a  copious  flow  of  saliva  and  sweat,  constriction 
of  the  pupil,  and  increased  movements  of  plain  muscle  generally. 
These  effects  are  antagonised  in  each  case  by  atropine,  which 
paralyses  some  portion  of  the  nerve-endings,  thereby  interfering 
with  the  action  of  the  former  drug.    Physostigmine,  which  has 
many  effects  resembling  pilocarpine,  is  also  antagonised  by  the 
atropine  group  of  drugs.    Again,  digitalis  excites  the  nerve-endings 
in  the  vagus,  and  so  tends  to  slow  the  heart  and  to  increase  the 
peristaltic  movements   of   the  alimentary  canal.    These  effects 
are  also  antagonised  by  atropine.    And,  lastly,  adrenalin  excites 
the  nerve-endings   of   the  sympathetic ;    apocodeine  paralyses 
these  same  nerve-endings,  and  so  abolishes  the  adrenahn  effect. 
Neither  pilocarpine,  physostigmine,  nor  digitalis  is  antagonistic  to 
atropine.    As  examples  of  drugs  acting  in  the  opposite  direction 
on  motor  nerve-endings,  we  have   physostigmine    and  aconitine 
on  the  one  hand,  which  produce  fibrillary  twitchings  of  the  muscles  : 
these  are  not  affected  by  section  of  the  nerve,  but  they  are  eliminated 
by   curare,   which   paralyses   the   motor  nerve-endings.  Again, 
aconitine   and  veratrine   excite  sensory  nerve-endings   and  give 
rise  to  tingling  and  pain,  whilst  cocaine  paralyses  some  portion 
of  the  peripheral  sensory  mechanism,   thereby  annulhng  their 
effects. 

There  are  many  examples  of  drugs  producing  opposite  effects 
on  nerve-cells.  Nicotine,  coniine  and  sphacelotoxin  stimulate  the 
sympathetic  nerve-cells,  whilst  apocodeine  paralyses  these  cells. 
On  the  spinal  cord  we  know  that  strychnine  has  an  effect  on  some 
portion  of  the  sensory  apparatus  which  gives  rise  to  increased 
reflexes.  Chloral,  urethane  or  alcohol  diminish  reflexes  by  acting 
probably  on  the  same  structure.  Indeed,  a  large  dose  of  urethane 
has  such  an  effect  that  strychnine  is  no  longer  capable  of  inducing 
convulsions.  The  medulla  is  excited  by  such  drugs  as  picrotoxin 
and  aconitine,  and  hence  the  tonic  action  of  the  respiratory,  vaso- 
motor and  vagal  centres  is  increased.  But  cUoral  or  chloro- 
form, by  depressing  the  centres,  counteracts  the  effect  of  these 
drugs. 

On  the  brain  we  know  that  caffeine  excites  the  psychical  or 
higher  centres,  and  that  cocaine,  atropine  and  absinthe  excite  the 
motor  areas.  Alcohol  and  the  hypnotics,  by  depression,  counter- 
act the  former,  and  all  hypnotic  substances  depress  the  motor 
areas. 

In  all  these  examples  which  wc  have  mentioned,  it  is  cilways 
the  paralytic  drug  which  is  antagonistic  to  the  stimulant,  and 
never  vice-versa.  Other  examples  of  antagonism,  such  as  the  action 
of  calcium  against  leach  extract,  and  of  toxin  towards  antitoxin, 
are  considered  elsewhere. 

Finally,  before  leaving  the  subject,  it  should  be  mentioned  that 
certain  crude  drugs  contain  active  princi]iles  which  are  antagonistic 
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to  one  another.  Physostigmiiie  depresses  the  central  nervous 
system;  calabarine,  also  said  to  be  present  m  the  bean,  has  a  strych- 
nine-hke  action.  Digitoxin  excites  cardiac  muscle  and  stops  the 
frog's  heart  in  systole.  Digitonin  has  an  opposite  effect  and  stops 
the  heart  in  diastole.  Morphine  depresses  the  central  nervous 
system;  narcotine,  and  more  especiaUy  thebaine— other  constituents 
of  opium — produce  convulsions. 
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Abrin,  immunity  to,  15 
Absinthe,  293 
Absorption,  36 

of  iron,  385 
Acetanilid,  231 
Acetate  ion,  340 
Acetic  ether,  61 
Acid,  acetic,  333 

arsenious,  363 

cacodylic,  363 

carbonic,  285 

citric,  334 

hydrochloric,  333 

lactic,  333 

nitric,  333 

nitrohydrochloric,  333 

oleic,  413 

oxalic,  334 

phosphoric,  333 

sulphuric,  332 

sulphurous,  334 

tartaric,  334 
Acids  as  disinfectants,  227 

dilute,  action  of,  330 
Aconine,  187 
Aconite,  183 
Aconitine,  183 

Action  of  drugs,  method  of  describ- 
ing. 3  ,  , 
Active  principles,  use  of  as  opposed 

to  crude  drugs,  33 
Administration  of  drugs,  time  of,  10 
Adrenalin,  action  of,  425 
action  on  heart,  167 
Age,  effect  of,  on  dosage,  9 
Albuminates,  metallic,  375 
Alcohol,  39 

food-value  of,  48 
official  preparations,  48 
tolerance  to,  14 
Alcohols,  relative  toxicity  of,  19 
Alimentary  canal,  disinfection  of,  330 
Alkalies,  action  of,  336 

action  of  on  stomach,  337 
as  disinfectants,  227 
Alkaloids,  constitution  of,  24 
AUyl  isothiocyanate,  309 


Almonds,  bitter,  148 

sweet,  416 
Aloes,  254 

Alterative,  definition  of,  4 
Alum,  as  an  emetic,  281 
Aluminium,  397 

aceto- tartrate,  398 
Alumnol,  398 
Ammoniacum,  288 
Ammonium  carbonate,  as  an  emetic 
281 

carbonate,  excretion  of,  325 

hydrate,  324 

ion,  action  of,  323 

substitution  derivatives,  action 

of,  19 
Amyl-nitrite,  193 

constitution  of,  20 
Aurantii  cortex,  268 
Amygdala  amara,  148 
Amygdalin,  148 
Amyl  colloid,  190 
Anemia,  action  of  iron  in,  387 
Anesthesia  by  ether,  60 

effects  of,  50 

history  of,  50 

local,  theories  of,  143 
Anassthetics,  50 

action  on  pyramidal  cells,  353 

local,  141 
Anamirta  paniculata,  120 
Angelic  acid,  187 
Anhalonium,  140 
Anilin  dyes,  241 
Anion,  313 
Animal  extracts,  425 
Aniseed,  290 
Antagonism,  436 

between  atropine  and  pilocar 

pine,  88 

between  toxins  and  antitoxins, 

15  .  . 

of  atropine  to  physostigmuic,  92 

of  calcium  to  potassium,  321 
of    curare    to  physostigmme, 
90 

Anthelmintics,  402 
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Antliracene  purgatives,  253 
Anthrapurpiirin,  constitution  of,  254 
Anthraquinone,  constitution  of,  253 
Antimony,  371 

Anti-bacterial  substances,  432 
Anti-fat,  430 
Anti-febrin,  23  i 

action  on  blood,  225 
Antipyretic  group  of  coal  tar  deriva- 
tives, 231 
Antipyretics,  general  action  of,  223 
Antipyrin,  231 

Antiseptic,  carbolic  acid  as  an,  236 
group  of  aromatic  drugs,  235 
power,  method  of  determining, 
228 

Antiseptics,  226 

mode  of  action,  229 

urinary,  164 
Antistreptococcic  serum,  435 
Antitoxin,  diphtheria,  433 
Antitoxins,  432 

tetanus,  434 
Antivenomous  serum,  435 
Ajjocodeine  as  a  hypodermic  purga- 
tive, 257 

Apocodeine,  comparative  action  of, 
100 

vVpocynum,  182 
Apomorphine,  282 

as  an  emetic,  28 1 

coinparative  action  of,  100 
Aquas,  26 

Araroba,  407  ' 

Arbutin,  163 

Argonin,  396 

Argyria,  397 

Aenica,29o 

Aristol,  351 

Aromatic  compounds,  223 

compounds,  classification  of,  231 

series  of  drugs  as  antiseptics,  227 
Arsenic,  363 

poisoning,  369 

tolerance  to,  13 
Arsenical  compounds,  dissociation  of, 
363 

Asafetida,  289 
Aspidin,  405 
Aspirin,  246 

Asthma,  effect  of  lobelia  in,  106 

production  of  by  pilocarpine,  86 
treatment  of,  78 

Astringent,  definition  of,  4 

Astringents,  vegetable,  263 

Atropine,  action  of,  74 
action  on  heart,  167 
as  a  local  anaesthetic,  147 
compared  with  cocaine,  141 


Atropine,  composition  of,  74 

poisoning  by,  80 

seat  of  action  on  brain,  1 1 1 
Atwater  and  Benedict,  experiments 
on  metabolism,  46 


Balsams,  287,  288 
Balsam  of  Peru,  246,  289 

of  Tolu,  246,  289 
Barium,  199 
Beer,  39 
Bees-wax,  414 
Belladonna,  73 
Benger's  food,  422 
Benzaconine,  187 
Benzoic  acid,  246 
Benzoin,  246,  289 
Benzol,  414 

Betaine,  constitution  of,  20 
Beverages,  amount  of  alcohol  in,  39 
Bhang,  135 

Bile  salts,  action  of,  259 
Binz,  views  on  alcohol,  41 

views  on  the  action  of  arsenic, 
36s 

Bismuth,  action  of,  394 
Bitters,  simple,  267 
Blackwater  fever,  220 
Bleaching-powder,  227,  354 
Blisters,  points  of  application,  307 
Blood-pressure,  methods  of  altering, 
182 

Bone-marrow,  action  of  drugs  on,  366 
Bones,  action  of  phosphorus  on,  360 
Boracic  acid,  410 
Borax,  410 
Borneol,  303 

Brain,  development  of,  in  relation  to 
action  of  drugs,  145 
specific  action  of  drugs  on  the, 
1 1 1 

Brain-vessels,  action  of  drugs  on,  192 
Brandy,  39 
Bromal  hydrate,  67 
Bromides,  action  of,  352 
Bromine,  354 
Bromism,  353 
Bronchiolar  secretion,  274 
Bronchioles,  action  of  drugs  on  the, 
273 

Brucine,  1 1 1,  1 19 

Buchu,  163,  289 

Burnett's  disinfecting  fluid,  399 

Butyl  chloral  hydrate,  66 


Cacodvi.ic  acid,  363,  315 
dissociation  of,  17 


INDEX 


443 


CiilTeiiic,  135 

action  on  heart,  107 

seat  of  action  on  brain.  1  1  1 

Calabar  bean,  90 

Calcium,  action  of,  326 

action  on  fermentation,  6 

Calumba,  268 

Calx  sulphurata,  409 

Camphene,  287 

Camphor,  301 

Camphoric  acid,  303 

Camphorol,  303 

Camphoroxol,  411 

Canada  balsam,  287 

Canadine,  139 

Cannabis  Indica,  135 

Cantharides,  309 

Cantharidin,  tolerance  to,  12 

Caoutchouc,  416 

Capsicum,  289 

Caraway,  290 

Carbohydrates  in  plants,  22 
Carbolic  acid,  236 

as  a  local  anaesthetic,  147 

excretion  of,  14 
Carbonates,  action  of,  336 
Carbon  bisulphide,  417 
Carbonic  acid,  285 

oxide,  285 
Cardamom  seeds,  290 
Cardiac  depressants,  169 

disease,  action  of  digitaUs  in,  173 

stimulants,  168 

tonics,  group  of,  166 
Carminatives,  289,  295 
Carniferrin,  390 
Cascara,  254 
Cascarilla,  268 
Castor  oil,  253 
Catechu,  265 

Cats,  action  of  morphine  on,  125 
Central   nervous  system,   action  of 

alcohol  on,  40 
nervous  system,  action  of  the 

coal  tar  derivatives  upon  the, 

230 

Ccph:eline,  279 
Cerium,  396 
Ccvadilla,  187 
Cevadillinc,  187 
Cevacline,  187 
Chamomile,  290 
Ciiaras,  135 
Charcoal,  27  i 

Chemical  constitution  and  jihysiolo- 

gical  action,  16 
standardisation,  33 
Cheyne-Stokes  respiration,  caused  by 

mori)hine,  I  2O 


Chinosol;  -24 1 
Chirata,  268 
Chloral,  63 
Chloralamide,  67 
Chloralose,  67 
Chlorates,  action  of,  342 
Chlorhydrins,  relative  degrees  of  ac- 
tion of,  19 
Chlorine,  354 

as  a  disinfectant,  227 
Chloroform,  50 

anaesthesia,  sudden  death  durmg, 

Cholagogue,  mercury  as  a,  3bo 
Cholagogues,  258 
Choline,  94 

constitution  of,  20 
Chromium,  action  of,  400 
Chrysarobin,  407 

Chrysophanic  acid,  constitution  of, 
253 

Chrysotoxin,  203 
Cicu  toxin,  120 
Cimicifuga,  268 
Cinchona,  213 
Cinchonidine,  221 
Ciuchonine,  221 

formula  of,  213 
Cinchonism,  219 
Cinnamic  acid,  246,  247 
Cinnamon  cortex,  290 
Circulation,  action  of  alcohol  on  the, 

43 

Citrate  ion,  341 
Classification  of  drugs,  20 
Clothing,  disinfection  of,  230 
Cloves,  290 
Coal-tar,  288 

derivatives  as  disinfectants,  227 

classification  of,  231 
products,  223 
Cocaine,  141 

action  on  heart,  167 
compared  with  atropine,  141 
seat  of  action  on  brain,  1 1 1 
Coca  leaves,  141 
Cochineal,  418 
Codeine,  122,  131 

comparative  action  of,  lou 
Cod-liver  oil,  423 
Coffee,  15s 
Colchicum,  95 
Colic,  treatment  of,  78 
Collapse,  nature  of,  193 
Collodia,  30 
Collodion,  416 
Colocynth,  256 
Colon.  absoriUion  by,  37 
Colouring-agentSj  412,  41S 
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Condy's  lluid,  401 

Confections,  30 

Coniine,  104 

action  on  heart,  167 
comparative  action  of,  100 

Conium,  104 

Consciousness,  definition  of,  64 

Contracture  in  muscle,  explanation 
of,  188 

Convallaria,  181 

Convulsions,  description  of,  1 10 
drugs  which  produce,  1 10 
produced  by  digitalis,  177 
treatment  of,  119 

Copaiba,  289 

Copper,  action  of,  398 

Coriamyrtin,  120 

Coriander,  290 

Cornutine,  204 

Coronary  vessels,  action  of  the  digi- 
talis group  upon,  178 
Cotton-wool,  416 

Counter-irritants,  classification  of,  308 

mode  of  action  of,  305 
Cousso,  406 
Creolin,  241 
Creosol,  239 
Creosote,  239 
Cresols,  241 
Croton  oil,  253 
Cubebs,  289 
Cumulation,  1 1 

of  digitalis,  179 
Curare,  107 

comparative  action  of,  100 
Cusparia,  268 
Cyanhaematin,  152 
Cyanides,  constitution  of,  20 
Cymene,  286 

constitution  of,  23 

Decoctions,  26 

Degeneration,  fatty,  views  on,  359 
Delirium  cordis,  168 
Delusions,  caused  by  morphine,  124 
produced  by  Indian  hemp,  136 
Demulcents,  412,  416 
Depressant,  definition  of,  4 
Depressants,  cardiac,  169 
Delphinine,  190 
Diastase,  423 
Dill,  290 

Digestion,  action  of  alcohol  on,  40 
Digitalein,  \6g 
Digitalin,  169 

Homolle's,  179 

Nativelles',  179 
Digitalisesin,  170 


Digitalis,  action  of,  169 

action  on  heart,  167 

infusion  of,  170 

standardisation  of,  34 

tincture  of,  170 

tolerance  to,  12 
Digitin,  169 
Digitonin,  169,  276 
Digitoxin,  169 

Merck's,  179 
Dionine,  132 
Diosphenol,  163 
Dipentene,  288 

Disease,  action  of  drugs  in,  10 

specifics  for,  3 
Disinfectant  power,  method  of  deter- 
mining, 228 
Disinfectants,  226 

mode  of  action,  229 

urinary,  289,  294 
Disinfectant,  use  of  mercury  as  a,  379 
Disinfection  by  chlorine,  354 

choice  of  a  drug  for,  229 
Dissociation,  evidence  of,  314 

in  relation  to  physiological  ac- 
tion, 17 

Dissolution,  law   of,  as  exemplified 

by  morphine,  124 
Diuresis,  mode  of  production  of,  160 
Diuretic,  digitalis  as  a,  177 
Diuretics,  group  of,  154 

saline,  318 
Dosage,  principles  of,  9 
Drastic  purgatives,  255 
Drugs,  action  on  ferments,  7 

conditions  modifying  the  action 
of,  9 

destruction  of  during  specific  ac- 
tion, 6 
mode  of  action  of,  5 
mode  of  administration  of,  35 
nature  of,  i 
physical  action,  5 
Dyspepsia,  action  of  bismuth  in,  394 

EcBOLics,  211 

classification  of,  212 
Ecgonine,  141 

compared  with  tropine,  141 
Ehrlich's  hypothesis,  7 
Elaterium,  255 
Elder  flowers,  290 
Electrolyte,  313 
Electrozone,  354 
Emetics,  280 

action  on  muscle,  28  3 
Emetine,  279 
Emmenagogues,  211 


INDEX 


445 


EmocUn,  constitution  of,  253 
Emollients,  412,  415  * 
Emplastra,  31 

Endermic  administration,  37 
Enemata,  30,  256 
Ergot,  203 

action  of,  as  a  whole,  205 
on  heart,  167 

standardisation  of,  34,  209 
Ergotinic  acid,  204,  276 
Ergotism,  210 
Erythrol  tetranitrate,  194 
Erythroxylon  coca,  14 1 
Eserine,  90 
Essential  oils,  286 

in  plants,  23 

seat  of  action  on  brain,  1 1 1 
Ether,  59 
Ethyl  chloride,  61 

nitrite,  194 
Eucaine,  147 
Eucalyptol,  291 
Eucalyptus  gum,  266 
Eugenol,  290 
Euonymus,  256 
Euquinine,  221 
Exalgin.  231  .    ^  , 

Excito-motor  area,  m  heart,  1O8 
Excreta,  disinfection  of,  230 
Expectorants,  274 
Extracta,  28 

Eye,  absorption  of  drugs  by,  36 


Fats,  412 

in  plants,  23 
Fatty  changes  in  cells,  358 
Fennel,  290 
Ferments,  422 

effect  of  drugs  on,  7 
Ferratin,  385,  389 
FiHcic  acid,  405 
Filicin,  404 

Filix  mas,  404 

Filmaronic  acid,  405 

Flavouring  agents,  289,  295 

Fluorides,  355 

Fwces,  disinfection  of,  230 

Food,  alcohol  as  a,  48 

Foods  in  relation  to  drugs,  t 

Fool's  parsley,  104 

Formalin  as  a  disinfectant,  228 

Formic  aldehye  as  a  disinfectant, 
228 

Frankincense,  287 
Freezing  as  a  local  anesthetic,  148 
Functions,  how  affected  by  drugs,  4 
Fusel  oil.  39 


Galbanum,  288 
Galen,  hypothesis  of,  2 
Gallic  acid,  263,  26s 
Galls,  263 
Gamboge,  256 

Gangrene,  produced  by  ergot,  207 
Ganja,  135 
Gelatin,  416 
Gelsemine,  107 

action  on  heart,  167 
Gelseminine,  106 
Gelsemium,  106 

General  protoplasmic  poisons,  6 
Gentian,  268 
Ginger,  289 

Glands,  action  of  drugs  on,  76 
Glycerin,  415 
Glycerina,  29 
Glucosides  in  plants,  22 
Gout,  treatment  of,  96 
Granati  cortex,  406 
Graves'  disease,  431 
Guaiacol,  239 
Guaiacuni,  288 
Gum  arable,  416 
Gum-resins,  287 


H.5;matogen,  390 

Haematoxylin,  266 

Haemoglobin,  390 

and  its  derivatives,  225 

Hffimol,  390 

Haemolysis,  226 

Halogens,  group  of,  346 

Hamamelis,  266 

Head's  areas,  308 

Heart,  action  of  drugs  on,  166 
chloral  hydrate  on,  65-66 
table  showing  action  of  drugs  on, 
167 

Heat-regulating  mechanism,  223 

Hedonal,  68 

Hemidesmus,  276 

Hemlock,  104 

Hetol,  247 

Hippuric  acid,  246 

Hirudo,  182 

Homeopathy,  2 

Honey,  418 

Hops,  139 

Hormones,  429 

Horse-radish,  290 

Hyderabad  Commission,  53 

Hydrastinine,  1  39 

Hydrastine,  forniida  of,  137 

Hydrastis,  137 

Hydrocyanic  acid,  148 

Hydrogen  peroxide,  411 
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Hydro-quinone,  239 
Hydroxides,  action  of,  336 
Hyoscine,  8  i 
Hyoscyamine,  81 
Hypertonic,  3  16 
Hypnal,  231 
Hypnotics,  50,  63 

mode  of  action,  5 

vegetable,  122 
Hypodermic  injections,  35 

purgatives,  257 
Hypophosphite  ion,  341 
Hypotonic,  316 
Hyoscyamus,  73 

ICHTHYOL,  239 

Idiosyncrasy,  1 1 

to  antipyrin  and  allied  drugs,  234 
to  salicylates,  244 
Immunity,  15,  432 
acquired,  433 
Ehrlich's  theory  of,  433 
Incompatibility,  32 
Indian  hemp,  135 

standardisation  of,  34 
Infusion  of  digitalis,  170 
Infusions,  26 
Inhalations,  36,  276 
Injections,  official,  30 
Intestine,  absorption  by,  37 

action  of  drugs  on,  258 
Intravenous  injections,  36 
Iodides,  action  of,  347 
Iodine,  action  of,  346 
lodism,  347 
Iodoform,  350 
lodol,  35  r 
lodothyrin,  430 

action  of  iodides  on,  347 
Ions,  absorption  of,  5 

stimulant  action  of,  315 

theory  of,  313 
Ipecacuanha,  278 

as  an  emetic,  28 1 
Iron,  action  in  ansemia,  5 

action  of,  384 
Isocyanide,  constitution  of,  20 
Isotonic,  316 
Izal,  241 

Jaborandi,  83 
Jaborine,  83 
Jalap,  255 

Jeyes'  disinfectant,  241 

Ration,  3 1 3 
Kino,  266 


Kola,  155 
Kosotoxin,  4^6 

Kraepelin,  experiments  on  alcohol,  42 
Kreatine,  24 

Lactation,  administration  of  drugs 

during,  10 
Lactophenin,  23 1 
Lactucarium,  139 
Lanolin,  413 
Lard,  413 
Laurel  leaves,  149 
Laurocerasin,  J49 
Laxatives,  2^9 
Lead,  action  of,  391 
Lemon  peel,  291 
Lettuce,  139 

Leucocytosis,  colchicine  on,  96 
Leucomaines,  constitution  of,  24 
Lime  starvation,  326 
Limonene,  287 
Linimenta,  27 
Linseed,  416 

Liquor  ethyl  nitritis,  194 

trinitrini,  193 
Liquorice,  416 
Liquors,  27 
Lithium,  323 
Lobelia,  105 

Lobeline,  comparative  action  of,  100 
Local  anaesthesia  by  ether,  60 

uses  of  drugs,  35 
Logwood,  266 
Loretin,  351 
Lotions,  28 

Lung-vessels,  action  of  drugs  on,  192 
Lupulin,  139 
Lupulus,  139 
Lymphagogues,  317 
Lysol,  241 

Magnesium  ion,  329 

Malaria,  action  of  quinine  on,  216 

Malodorous  drugs,  289,  295 

Malt  extract,  423 

Manganese,  401 

Materia  medica,  importance  of,  1 
Measures,  8 

Meat,  preservation  of,  230 
Meconic  acid,  1 22 
Mella,  28 
Menthol,  303 
Menthoxol,  41 1 

Mercuric  chloride,  as  a  disinfectant. 
226 

iodide,  as  a  disinfectant,  227 
Mercury,  action  of,  37S 

modes  of  administration  of.  379 
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Mescal,  140 

seat  of  action  on  biam,  1 1 1 
Metabolism,  action  of  alcohol  on,  46 
Metallic  salts,  dissociation  of,  37^ 
Metals,  absorption  of,  38,  376 

heavy,  general  action  of,  375 

specific  action  of,  377 
Methtenioglobin,  225  . 

classification  of  drugs  producmg, 

226 

effect  of  nitrites  in  producnag, 
196 

time  taken  for  production  of,  343 
Methane,  chlorine  substitution,  de- 
rivatives of,  T  8 
Methyl-arbutin,  163 

-strychnium  salts,  132 
action  of,  19 
comparative  action  of, 

100 

Metrical  system  of  weights,  9 
Mezereon,  309 
Mineral  waters,  319 
Misturse,  27 

Mode  of  action  of  narcotics,  69 

administration  of  drugs,  35 
Moreau,  experiments  of,  249 
Morphine,  action  of,  122 

artificial  derivatives  of,  132 
comparative  action  of,  100 
Knorr's  formula,  122 
tolerance  to,  14 
Mouth,  administration  of  drugs  by,  35 
Mucilagines,29 
Muscarine,  90 

constitution  of,  20 
Muscle-fibre,  barium  as  a  test  for  the 
presence  of,  I99 
striped,  action  of  drugs  on,  202 

Musk,  295 
Mustard  group,  308 
Myrrh,  288 
Myxcedema,  430 


Naphthalin,  241 
Naphthols,  241 
Narceine,  122 
Narcotics,  50 

mode  of  action,  69 
Narcotine,  1 19,  122,  132 

formula  of,  i  37 
Nux  vomica,  1 1 1 

Nerve-cells,  action  of  drugs  on,  98 
Nerve-ending,  definition  of,  428 
Nerve-endings,  action  of  drugs  on,  72 

arrangement  of,  in  glands  and 
plain  muscle,  72 

drugs  depressing,  73 


Nervje-endings,  drugs  exciting,  72,  83 
sensory,  drugs  which  excite,  183 

Neurine,  94 

constitution  of,  20 
Neutral   principles,   presence  of,  in 

plants,  25 
Nicotine,  100 

action  on  heart,  167 
Nitrate  ion,  340 
Nitrile,  constitution  of,  20 
Nitrites,  action  of,  i94 

constitution  of,  20 

relative  effect  on  vessels,  198 
Nitroglycerin,  193 
Nitrous  oxide,  61 
Nutmeg,  290 
Nutrient  enemata,  256 

Oak-galls,  263 
CEnanthe  crocata,  120 
Oil  of  almonds,  41 3 
anethi,  290 
santal-wood,  289 
Cade,  288 
cajuput,  291 
cinnamon,  290 
cloves,  290 
eucalyptus,  291 
juniper,  289 
lavender,  291 
linseed,  213 
mustard,  309 
olives,  41  3 
peppermint,  291 
pine,  287 
rosemary,  291 
roses,  291 
theobroma,  413 
turpentine,  287 
Oils,  essential,  286 

in  plants,  23 
Ointments,  29 
Oleo-resins,  287 

Olea,  29  .      .■     ■  ^-.r. 

Operations,  use  of  antiseptics  m,  2.,o 

Opianic  acid,  1  38 
Opium,  122 

-alkaloids,  comparative  action  on 
alimentary  canal,  128 
comparison  of,  1  3 ' 
Royal  Commission  on,  13" 
standardisation  of,  33 
Orange  peel,  291 
Orthoform,  147 
Oxalates,  action  of,  343 
Oxalic  acid,  tolerance  to,  13 
Oxidising  agents  as  antiseptics,  2.9 
Oxygen,  284 
Oxy-purine,  1O2 
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Pancreatic  ferments,  422 
Papain,  423 

Papaver  somniferum,  122 

Papaverine,  122,  131 

Para-amido-phenol,  233 

Paraffin,  liard  and  soft,  414 

Paraldeliyde,  67 

Pareira,  268 

Patent  medicines,  31 

Partition-coefficient  hypothesis,  70 

Pelletierine,  407 

Pepper,  289 

Pepsin,  422 

Peronine,  132 

Petroleum,  414 

Pfliiger's  views  on  fatty  degeneration, 
359 

Pharmacology,  definition  of,  I 
Pharmacopoeia,  1 
Pharmacy,  definition  of,  i 
Phenacetin,  231 

action  on  blood,  225 
Phenocoll,  231 
Phenol,  237 

Phenolphthalein,  constitution  of,  254 
Phenyl  sulphuric  acid,  237 
Phloroglucinol,  constitution  of,  in  re- 
lation to  action,  18 
Phosphate  ion,  341 
Phosphorus,  355 

physical  properties  of,  in  relation 

to  physiological  action,  16 
poisoning,  362 
"  Phossy  "  jaw,  355 
Physical  properties  in  relation  to  phy- 
siological action,  16 
Physiological   action    and  chemical 
constitution,  16 
standardisation,  34 
Physostigmine,  90 

seat  of  action  different  from  pilo- 
carpine, 91,  436 
Picrotoxin,  120 
Pills,  29 
Pilocarpine,  83 

action  on  heart,  167 
seat  of  action  different  from  phy- 
sostigmine, 91 ,  436 
Pinene,  286 
Pine  oil,  287 
Pimento,  290 
Piperazine,  165 
Piperidine,  104 
Pix  Burgundica,  287 

Carbonis  Praeparata,  288 
liquida,  288 
Podophyllin,  256 
Poisons,  general  protoplasmic,  6 
PoUantin,  436 


Pomegranate,  406 
Potassa  sulphurata,  409 
Potassium  bichromate,  400 

ion,  action  of,  320 

permanganate,  401 

as  a  disinfectant,  228 
Powders,  28 

Precipitation  of  proteids  as  a  means 
of  producing  antisepsis,  229 

Pregnancy,  action  of  drugs  in,  10 

Preparation,  choice  of  a,  10 

Preparations  used  in  medicine,  25 

Proprietary  medicines,  3 1 

Protargol,  396 

Proteids,  poisonous,  25 

Protoplasm,  nature  of,  7 

undifferentiated,  action  of  qui- 
nine on,  214 

Pruni  Virginianse  cortex,  14C 

Pseudo-strophanthin,  179 

Pterocarpus,  418 

Ptomaines,  constitution  of,  24 

Pulveres,  28 

Pupil,  action  of  drugs  on,  77 
Purgatin,  254 

Purgative  drugs  not  used  as  such,  256 
oils,  253 

Purgatives,  classification  of,  248 

drastic,  255 

hypodermic,  257 

mode  of  acticn,  250 

saline,  251 
Purgen,  254 
Purine,  162 

derivatives,  1 54 

relative  action  of,  162 
Pustulants,  305 
Putrescine,  24 
Pyrethrum,  290 

Pyrexia,  a  protective  measure,  223 
Pyridine,  103-104 
Pyrocatechin,  239 

Pyrocatechol,  constitution  of,  in  rela- 
tion to  action,  18 

Pyrogallol,  239 

constitution  of,   in  relation  to 
action,  18  

Quassia,  268 
Quillaia,  276 
Quinidine,  221 
Quinine,  action  of,  213 

formula  of,  213 

paradox,  219 
Quinism,  219 

Rabies,  435 

Rectum,  absorption  by,  37 
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Rectum,  administration  of  drugs  by, 
36 

Reducing-agents  as  antiseptics,  229 
Reflexes,  vaso-motor,  193 
Renal  circulation,  difficulties  in  con- 
nection with,  i6i 
Resin,  286,  288 
Resins,  excretion  of,  293 

in  plants,  23 
Resopyrin,  231 
Resorcin,  239 

Resorcinol,  constitution  of,  in  relation 

to  action,  18 
Respiration,  action  of  drugs  on,  273 
Respiratory    centre,    drugs  acting 

upon,  273 
Rhatany,  265 
Rhoeados  petals,  418 
Rhubarb,  254 
Ricin,  253,  424 

immunity  to,  15 
Ricinoleic  acid,  253 
Ringer's  solution,  formula  for,  327 
Rooms,  disinfection  of,  230 
Royal  Commission  on  opium,  130 
Rubefacient,  alcohol  as  a,  40 
Rubefacients,  305 

Sabadilla,  187 
Saccharin,  418 

constitution  of,   in  relation  to 
action,  18 
Saffron,  418 
Salacetol,  245 
Salicin,  242,  245 
Salicylates,  242 
Salicyluric  acid,  245 
Saligenin,  242 
Saline  purgatives,  251 
Salipyrin,  235 
Salol,  242,  245 
Salophen,  231 
Salt  action,  316 

antiseptic  value  of,  229 
Salts,  disinfecting  power  of,  228 
Sanitas,  41 1 
Santonin,  403 
Saponification,  414 
Saponins,  276 

in  plants,  22 
Sarsaparilla,  276 
Sassafras,  290 
Scammony,  255 

Schmiedeberg,  views  on  alcohol,  41 
Scillin,  i8c) 
Scillipicrin,  180 
Scillitoxin,  180 
Scoparin,  163 


Scoparium,  107,  163 
Secretin,  332,  429 
Senega,  276 
Senna,  254 

Sensation,  action  of  strychnine  on, 
"3 

effect  of  anaesthetics  on,  53 
Sensory  nerve-endings,  drugs  which 

excite,  183 
Serpentaria,  268 
Serum  therapy,  432 

untoward  effects  of,  434 
Shock,  surgical,  193 
Sialagogues,  269,  331 
Signatures,  doctrine  of,  2 
Silver,  action  of,  396 
Sinalbin,  309 
Sinigrin,  309 
Skin,  absorption  by,  36 

action  of  arsenic  on,  367 

disinfection  of,  230 

drugs  acting  upon,  311 

-irritants,  304 

-rashes,  drugs  producing,  311 
vessels  behaving  differently  from 
other  vessels,  79 

Smelling  salts,  action  of,  273 

Smoking,  effects  of,  104 

Snuff,  action  of,  273 

Soaps,  414 

Sodium  acid  phosphate,  as  a  urinary 
disinfectant,  230 
chloride,  action  of,  316 

as  an  emetic,  281 
ethylate,  40 
nitrite,  193 
salicylate,  243 
sulphocarbolate,  23S 
Solubility  of  drugs  in   relation  to 

action,  17 
Solution,  theory  of,  314 
Solvents  used  in  the  Pharmacopoeia, 

25 

Sozoiodolates,  351 

Sparteine,  107 

Specific  actions,  3,  6 

Spectra  of  blood-pigments,  225 

Spermaceti,  414 

Spermine,  94 

Sphacelotoxin,  204 

Spinal  cord,  nerve-connections  in,  1 14 

Spiritus,  27 

etheris  nitrosi,  194 
Sputum,  disinfection  of,  230 
Squill,  180 

standardisaticn  of,  34 
Standardisation  of  antitoxins,  434 

drugs,  32 

ergot,  209 
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Stantlardised  drugs,  list  of,  34 
Staphisagrine,  190 
Starch,  416 
Stavesacre,  180 
Stearoptenes,  287,  301 
constitution  of,  23 
Stimulant,  definition  of,  4 
Stimulants,  cardiac,  168 
Stimulation  produced  by  excitation 

or  depression,  4 
Stomach,  absorption  by,  37 
Stramonium,  73 

Striped  muscle,  action  of  drugs  on, 
202 

Strophanthin,  179 
Strophanthus,  179 

standardisation  of,  34 
Strychnine,  1 1 1 

absorption  of,  112 

action  on  heart,  167 

comparative  action  of,  100 
Styrax,  288 

Sub-maxilliary  gland,  action  of  drugs 

on,  76 
Succi,  27 
Suet,  41 3 

Sugar,  action  of,  418 
Sugars,  cane  and  milk,  417 
Sulphate  ion,  341 

Sulphates,  ethereal,  significance  of  in 
urine,  230 

excretion  of,  during  carbolic  acid 
poisoning,  238 
Sulphides,  action  of,  409 
Sulphite  ion,  341 
Sulphocarbolates,  238 
Sulphonal,  68 
Sulphones,  68 
Sulphur,  action  of,  408 

dioxide,  as  a  disinfectant,  228 
Sulphuris  iodidum,  409 
Sumbul,  289 
Suppositories,  30 

Suppuration,  action  of  quinine  on, 
216 

Suprarenal  gland,  425 
Sweetening  agents,  412,  417 
Syrupi,  30 
Syrups,  417 

Tabell^Ti,  30 
Taka-diastase,  423 
Tannic  acid,  263 

constitution  of,  24 
Tannin,  chemistry  of,  263 
Tannins,  presence  of,  in  plants,  23 
Taraxacum,  268 
Tars,  288 


Tartar-emetic,  283,  372 
Tartrate  ion,  341 
Tyrotoxicon,  24 
Tea,  15s 
Terebene,  287 

as  a  disinfectant,  228 
Terms  used  in  Pharmacology,  4 
Tetanus  toxin,  119 
Tetronal,  68 
Thebaine,  122,  131 
Theobromine,  155 
Theocine,  155 
Theophylline,  155 
Therapeutics,  definition  of,  i 
Thus  Americanum,  287 
Thymol,  304 

Thyroidectomy,  effects  of,  430 
Thyroid  extract,  action  of,  429 

secretion,  effect  of  iodides  on, 
Thyroidism,  431 

Time  of  administration  of  drugs,  i 
Tinctures,  26 
Tobacco,  103 

-smoke,  composition  of,  loi 
Tolerance,  12 

acquired,  13 

local,  15 

natural,  12 

to  arsenic,  367 

to  morphine,  129 
Tolu,  balsam  of,  246,  289 
Tonic,  definition  of,  4 

quinine  as  a,  218 
Tonics,  cardiac,  166 
Toxins,  432 

absorption  of,  38 

vegetable,  424 
Toxiresin,  170 
Tragacanth,  416 
Treatment  rational,  2 

systems  of,  2 
Trional,  68 
Trochisci,  30 
Tropeines,  artificial,  81 
Tropine,  compared  with  ecgonine,  1 
Turpentine  group,  287 
Typhoid  fever,  disinfection  in,  230 


'  Unguenta,  29 
Urethanes,  68 
Uric  acid,  drugs  which  pi^event  d 

position  of,  164 
Urine,  disinfection  of,  230 

drugs  used  to  disinfect,  164 
which  diminish,  164 
render  acid,  164 
alkaline,  164 
ethereal  sulphates  in,  230 
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Urotropine,  165 

Ursone,  163 

UvJc  ursi  folia,  163 


Valerian,  289  . 
Vaso-constriction,   drugs  producing, 

192 

-dilatation,  method  of  produc- 
tion, 193 
-dilators,  193 

-motor  nerves,  general  arrange- 
ment of,  98 
reflexes,  193 
Veratrine,  187 
Veronal,  68 
Vesicants,  305 

Vessels,  group  of  drugs  actmg  upon, 
192 

Vina,  27  £  1  ,  f 

Vision,  effect  of  strychnme  on  field  ot, 

115 

Voit's  views   on   fatty   "  degenera- 
tions," 359 


Volatile  oils,  constitution  of-,  23 
general  action  of,  291 
special  uses  of,  294 
Volatility,  influence  on  absorption. 
38 

in  relation  to  action,  17 


Water,  action  of,  317 

on  stomach,  336 

Waxes,  413 
Weights,  8 

metrical  system  of,  9 
Wines,  27 
Wood-tar,  288 

Worms,  action  of  drugs  on,  402 


Zinc,  action  of,  399 

ethyl,  ionisation  of,  17,  37" 
sulphate  as  an  emetic,  281 
sulphocarbolate,  238 

Zymase,  39 
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